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Eftersom “Timken’’-lejerne modstaar 
baade de radikale Tryk, saa vel som de 
ovrige samlede Stod og Bebyrdelser, re- 
presenterer et “Timken’’-leje i Virkelig- 
heden til almindelige Lejer. Ved at 
bruge ““Timken’’-leger opnaar man der- 
for Enkelthed i Konstruktion og For- 
ringelse i Vagt 


Because Timkens carry radial 
loads, thrust loads, and result- 
ant loads, they are virtually 
two bearings in one. Where 
there are Timkens simplicity 
of construction and reduction 
of weight naturally result 


The original Norwegian and the American translation, of a Timken Bearing 
advertisement printed in Norsk Motorbltad of Christiana 


THE TIMKEN ROLLER BEARING CO, 


CANTON, OHIO 


Timken Tapered Roller Bearings for Passenger Cars, Trucks, Tractors, 
Trailers, Farm Implements, Machinery, and Industrial Appliances 


TIMKEN 


Tapered 
ROLLER’ BEARINGS 





























| WALTHAM SPEEDOMETERS 
_ AND AUTOMOBILE CLOCKS 






Accurate and “Dependable | 


HE Waltham Air-Friction Speedometer is absolutely unique. 

The scientific air-friction principle, invented by Nikola Tesla, 
has been developed by Waltham over a period of years, until today, 
this patented and superb all-quality instrument is standard equip- 
ment upon the world’s leading cars, including Cunningham, La- 
fayette, Leach-Biltwell, Lincoln, Packard, Pierce-Arrow, Renault, 
Rolls-Royce, Stevens-Duryea, Wills-Sainte Claire and others. It is | 
absolutely unaffected by climatic conditions. 
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Go to any of the automobile agencies in your town whose cars are equipped 
with this distinctive Waltham instrument and ask for a demonstration of its per- 
formance. The same painstaking genius for precision and dependability which has 
made the name of Waltham supreme in time-recording mechanisms is fully exem- 
plified in Waltham Speedometers and Automobile Time-pieces. 


Waltham Watch Company, Waltham, Mass. 


Service Stations in all leading cities 


q ‘ 7 A carn tama ) 
WV AI LAM] 


The Speedometer of Instantaneous Accuracy 
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Where Are We Getting in Efforts 
to Solve the Fuel Problem? 


A review of research and development work covering 
results of tests and improvements in design made 
public during the past year, together with comments 
on future developments that appear to be promising. 


By Herbert Chase 


fuel problem and its solution that the situation 

is more or less confused in the minds of some 
persons. It therefore seems worth while to attempt 
to render an accounting of the present situation in 
order to determine what has been done and if possible 
what remains to be done in order to reach a solution 
of the problem. 

It is quite generally agreed that the supply of 
petroleum known to exist in this country, if not in 
the world, will, if the present rate of consumption 
continues to increase, at least approach exhaustion 
within the present generation. Since our present 
civilization is largely dependent upon this source of 
fuel supply, it is evident that careful consideration 
must be given to the conservation and use of petrol- 
eum products of all kinds, and in particular those ele- 
ments available for use in internal combustion en- 
gines. 

So far as the automotive industry is concerned ef- 
forts at the present time naturally and properly cen- 
ter around means for better utilizing fuels in auto- 
motive engines. Efforts are also being made to bet- 
ter the character of fuel available, since the efficiency 
with which fuel can be used, especially in the present 
prevailing type of engine, is dependent to consider- 
able degree upon the volatility and molecular struc- 
ture of the fuel. 


S: much has been said and written regarding the 


Looking at the present day car makes it evident 
that conditions are, in the average case, better than 
they were a few years ago when the importance of 
the fuel problem first began to receive wide recogni- 
tion. Far more remains to be done than has already 
been accomplished, but it will be evident from ex- 
amination of the attached chart and the literature on 
the subject that the work already accomplished is of 
considerable importance and that the near future 
holds possibilities of much greater progress. 

It will be seen from the chart that better fuel econ- 
omy is to be expected in three main directions as 
follows: 

1. Developing the better engines. 

2. Better utilization of fuel in present engines. 

3. Development of better fuel. 

The work done to date and developments which are 
in progress or seem promising will be considered 
under these three heads. 


Development of Better Engines 


In the chart developments of better engines are 
classed under four main heads. The first two apply 
primarily to improvements in the present type of 
constant volume or so-called Otto cycle engines, while 
the second apply to other types in less extensive use. 
The effect of compression ratio on efficiency is illus- 
trated in Fig. 1 from which it will be seen that if it 
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were possible to use a seven to one compression ratio 
in a constant volume engine the thermal efficiency would 
be as high as that of any engine now in commercial use. 
The chief reason why these high compression ratios are 
not now employed is the fact that they cannot be used 
with present fuels without detonation or too early igni- 
tion with consequent serious results covered later under 
another head. High compression ratios have been used 
in experimental engines with results which have been 
published by Ricardo* and others. They have been made 
possible by the use of blended or doped fuels, considered 
under another head below. 

Ricard’s super-charging engine has given a brake mean 
effective pressure as high as 140 lb. per sq. in. This 
engine gave a brake thermal efficiency of 34 per cent, 
equivalent to a fuel consumption of 0.461 lb. of fuel per 
bhp. hr. This was accomplished by the use of cooled ex- 
haust gas as a diluent to prevent detonation. 





*Nearly all the papers and reports of tests referred to in this artic’e 
have been printed in issues of AUTOMOTIVE INDUSTRIES or of the 
Journal of the Society of Automotive Engineers published since June 
1, 1920, and are listed under the author’s name in the indices to these 
publications. 
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Fig. 1—Curves showing theoretical efficiency obtained with various 
compression ratios 


Constant Compression Engines 


One of the inherent disadvantages of the conventional 
constant volume engine as now generally applied is the 
fact that when throttled and running at part load its 
efficiency as compared to full load operation falls off 
rapidly. It has long been appreciated that if the throttle 
could be eliminated and the compression held constant 
while variations in loads are met by changing the quan- 
tity of fuel used the efficiency would remain good even 
though the load is light. This effect is realized to a cer- 
tain extent in the ordinary two-cycle engine which runs 
with a practically constant compression and is more effi- 
cient at a low load than the ordinary throttled four- 
cycle constant volume engine. With the ordinary two- 
cycle engine, however, dilution with exhaust gas at 
low load is excessive, so that richer mixtures than are 
otherwise necessary have to be employed. To overcome 
this disadvantage E. C. Newcomb has long been experi- 
menting with a type of engine illustrated diagrammati- 
cally in Fig. 2. This is a two-cycle engine using crankcase 
compression, but the charge is transferred through a 
valve in an L chamber in the head. The spark plug is 
located at the end of the L at a point where a portion of 
the fresh undiluted portion of the charge always exists 
at the instant of ignition. The quantity of charge can 
be regulated by a throttle, but the compression remains 
constant for the volume of exhaust expelled is deter- 
mined by the volume of charge admitted, the sum of the 
two being substantially constant. This engine is said to 
show a fuel economy of 0.7 lb. per hp. hr. at full load, 
and slightly less than 0.7 lb. at one-third load. When 
fitted in a car weighing with passengers about 2000 lb. 
from 50 to 85 miles per gal. can be covered. This per- 
formance is due largely to the fact that the engine is 
relatively very efficient at part loads, which are the 
loads obtaining during a large portion of the time, in 
passenger car operation. 

Other experimenters have built engines of the con- 
stant compression type operating on a four-stroke cycle. 
One of these, designed by Ricardo, is illustrated dia- 
grammatically in Fig. 3. This is similar in principle to 
conventional four-stroke engines except that an extra 
valve operated by the suction of the engine is provided 
in a bulb attached to the head of the engine and com- 
municating with the main clearance space through a 
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Fig. 2—Diagrammatic view of Newcomb two-cycle 
constant cempression engine. 


Venturi tube. Gas or rich mixture only enters the bulb 
on the suction stroke, and this mixture remains in con- 
tact with the spark plug in the bulb. Air only is ad- 
mitted through the usual inlet valve which opens later 
than the suction operated valve. The rich mixture only 
is throttled. The air entering through the normal inlet 
valve fills the remaining space not filled by the mixture of 
exhaust gases remaining in the clearance space, so that 
the compression remains constant. On the compression 
stroke air is forced through the Venturi tube and mixes 
with the rich gas in the bulb, causing considerable tur- 
bulence therein. With this: arrangement a localized or 
stratified charge is obtained. Control is effected entire- 
ly by varying the quantity of mixture admitted. 

This principle was tried by Ricardo in a single cylin- 
der experimental engine of 5-in. bore and 6-in. stroke. 
He reports the following interesting results: The engine 
started easily even in the coldest weather. When run- 
ning light with an indicated mean pressure of 14 lb. per 
sq. in. the exhaust, though perfectly free, was almost in- 
audible. The cylinder barrel remained quite cool and 
it was possible to bear the hand on any part of a cylinder 
head or exhaust pipe after an hour’s running at no load. 
So long as the admission of fuel was not altered the 
speed of the engine remained absolutely uniform. The 
engine accelerated immediately from a speed of 120 r.p.m. 
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Fig. 3—Diagrammatic view of Ricardo 
four-cycle constant compression en- 
gine 
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on increasing the quantity of fuel admitted. The vio- 
lent turbulence resulted in extraordinary rapidity of 
combustion. Fixed ignition 3 deg. before dead center 
sufficed for all speeds and loads and invariably gave a 
vertical line of pressure rise on the indicator diagram. 
The average of several hundred readings of fuel con- 
sumption at all loads from light to full load were taken. 
The mean results of these are given in Fig. 4 which 
shows the fuel consumption obtained with indicated 
mean pressures ranging from 14 to 120 lb. per sq. in. 
Fig. 5 shows the indicated thermal efficiency actually 
obtained, the theoretical limiting efficiency and the air 
cycling efficiency. On full load the running of the engine 
was in every respect normal. 

Subsequent experiments on larger engines could not 
always be repeated and much further experimental work 
is necessary before this type of control is rendered gen- 
erally applicable. Attempts to adapt the principle of 
operating by stratification alone over the whole range 
of load to existing engines have not been entirely suc- 
cessful, but have at least been proven that a sufficient 
degree of stratification can be maintained at the same 
time with sufficient turbulence to insure rapid combus- 
tion, although the two conditions may not at first sight 
appear compatible. Ricardo proved to his own satis- 
faction that under these conditions a very marked re- 
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Performance of Ricardo engine using localized charge. Fig. 4, at left, showing fuel consumption, and Fig. 5, at 
right, showing ideal indicated thermal efficiency and actual observed efficiency 
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duction in maximum temperature and a corresponding 
gain in efficiency could be obtained. 

Other experimenters have employed other means for 
building constant compression engines which do not use 
the bulb and automatic valve employed by Ricardo. One 
method of doing this is to make provision whereby the 
first part of the charge of air entering the cylinder is not 
mixed with fuel at part loads, the portion of the charge 
entering later carrying sufficient fuel to meet the load 
condition imposed. One means for accomplishing this 
result is illustrated diagrammatically in Fig. 6. This de- 
sign is due to James A. Charter. A small air pump 
driven by the engine is arranged to deliver air under 
pressure to the cylindrical valve driven in timed 
relation to the engine. By means of the valve and 
suitable piping air is delivered in the quantity and 
at the time desired to nozzles placed in the inlet 
ports of the engine. These air nozzles are so directed as 
to cause flow of fuel from a fuel jet placed adjacent to 
the air jet, as shown. The fuel is maintained under 
constant head by a float mechanism and is fed into the 
main air stream entering the engine, at the time and in 
the quantity desired by suitable control of the air pass- 
ing the air jet, but is not affected by other air entering 
the cylinder. This control is obtained by axial motion 
of the distributor valve, which it wil! be noted has tri- 
angular ports. The ports are so proportioned as to 
feed air through the entire suction stroke at full load 
or through the latter portion of the stroke only at part 
load. The charge of fuel is independent of the total 
quantity of air entering the cylinder, which is substan- 
tially constant, but is in direct proportion to the quan- 
tity of air fed through the distributing valve and air 
nozzles. The spark plug is so placed as to be in con- 
tact with the carbureted portion of the charge. 

Tests of this device are said to have shown consider- 
able saving in fuel both at part and full load as com- 
pared with operation with the ordinary carbureter. 


Steam Engines 


Difficulties involved in adapting present day fuels to 
use in internal combustion engines has led some inves- 
tigators to consider further development of the steam 
engine for automotive use. Newcomb and Scott, among 
others, have secured commendable results in this di- 
rection, and others are experimenting with steam engines. 
especially for truck and tractor applications. C. A. 
Norman, who has investigated the possibilities of im- 
proved power plants using both steam and internal com- 
bustion engines, states that the steam plant, by its abil- 
ity to handle almost any kind of fuel, its economy at 
reduced load and its superior maneuvering qualities 
seems, in many ways, to meet the present fuel situation 
better than the gas engine. 


Injection Engines 


One means of realizing the high efficiency obtainable 
with high compression engines is to utilize fuel injection. 
The efficiency of this type of engine has long been ap- 
preciated and has been realized in practice in the Diesel 
and other types, but none of these have been extensively 
utilized to date for automotive purposes, although they 
are capable of handling low grade fuels. One difficulty 
with this type has been that involved in handling with 
precision the extremely minute quantities of liquid fuel 
required per working stroke in a cylinder of suitable 
size for automotive use. Practically all engines of this 
type built to date have been of large size and of very 
heavy construction. They are also relatively low speed 
engines, but W. G. Gernandt stated recently that he has 
developed a single cylinder two-stroke engine of 2%4-in. 


bore which burns gasoline, kerosene, distillate or fuel oil 
and can be operated at speeds varying from 225 to 2250: 
r.p.m. without missing by simply varying the quantity 
of fuel injected. 

Development in the heavy oil engine is continuing 
and some expect that it will ultimately be adapted to 
automotive use. The maximum pressures developed even 
with 500 to 600 lb. compression are said not to exceed 
the pressures resulting from detonation in engines of 
conventional types and designs. 

Sperry is engaged in developing a supercharging com- 
pound expansion Diesel type engine recently described 
in these columns. This engine weighs, according to 
Sperry, 27 lb. per hp., but the principles involved are to 
be incorporated in an aeronautic engine to weigh not in 
excess of 5 lb. per hp. 

The Sperry and some other engines designed for burn- 
ing heavy fuel are in reality constant volume engines. 
that is, they burn the fuel injected at substantially con- 
stant volume and with considerable rise in pressure 
above that due to compression. In this respect they dif- 
fer from the true Diesel engine in which the charge is 
injected gradually without material rise in pressure. 
Injection on the compression stroke results in adding 
area to the indicator card, but, of course, involves higher 
maximum pressures and temperatures. Newcomb and 
some others have experimented with injection engines 
using constant compression pressures, but without the 
high compression ratio employed in the Diesel type. 
Engines of this type possess most of the advantageous 
characteristics of other constant compression engines re- 
ferred to above, but the difficulty of precise metering of 
the fuel injected in small cylinders has militated against 
their success. 

Other efforts to develop new types of engines suitable 
for automotive use but intended to give much higher 
economies than the conventional types might be cited 
but space limitations forbid further discussion here. 

Many attempts to develop air-cooled engines are now 
being made, and announcement of these developments 
is expected before many months. One advantage of this 
type of engine is the more uniform temperature of the 
combustion chamber under widely varying operating con- 
ditions and the lower loss of heat to the cylinder walls 
during combustion and the expansion stroke. To date 
it has not proved possible to use as high compression 
ratios as have been employed in water-cooled engines, 
hence economy at full load is not so good as in the lat- 
ter type. Whether late developments will overcome this 
disadvantage, or whether the average economy of ve- 
hicles using this type of engine will result remains to 
be seen. 


Better Fuel Utilization in Present Engines 


It will be noted from the chart at the beginning of 
this article that there are seven main headings under 
which improvement in the utilization of fuel in present 
engines can be anticipated. It is entirely possible that 
some at least of the advantages referred to already under 
the head of development of better engines can be made 
with slight modifications in existing engines or engines 
of the same or similar types soon to be manufactured. 
Certain refinements in design, notably those factors con- 
trolling combustion to be treated under a later head, 
may make it possible to use much higher compression 
ratios than are now generally employed. Such an in- 
crease will, perhaps, more than any other one factor, 
favorably affect the fuel economy of the conventional 
type of engine, but every item which will contribute to 
this end should be given careful consideration. 

Many investigators, including some of those connected 
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Fig 6—Diagrammatic view showing device used by Charter for timing and measuring 


charge in constant compression engine. 


with the largest automotive manufacturers in this coun- 
try, are seeking means whereby higher compression 
ratios can be employed. Kettering is responsible for the 
statement that if the compression pressure of the con- 
ventional engine of to-day could be raised to from 120 
to 140 lb. per sq. in. the efficiency would be doubled. 
Midgley states that in a one-hour run of a Liberty air- 
craft engine with a compression ratio of 5.3 to 1, using 
ordinary automobile gasoline instead of high test gaso- 
line at wide open throttle, most of the piston heads were 
cracked due to detonation while every spark plug was 
injured. This shows clearly the effect of using with 
high compression pressures the average fuel now avail- 
able, unless some means is taken for controlling detona- 
tion. This subject will be referred to later, but is men- 
tioned here to illustrate the important bearing which 
the quality of fuel has in respect to controlling fuel econ- 
omy. Tests made by Nelson show clearly the effect of 
higher compression ratios on the economy of one more 
or less conventional engine. The accompanying cut, 
Fig. 7, shows the maximum allowable compression with 
various initial temperatures, as given by P. S. Tice. 


Better Proportioning and Heating of Fuel 


The importance, as affecting fuel economy, of properly 
proportioning the air and fuel in the mixture entering 
the cylinder, and of heating this mixture a proper 
amount can scarcely be overemphasized. Much research 
work has been done for the purpose of determining ex- 
actly what mixture proportions and temperature are 
necessary for maximum economy. In this connection 
James, Dickinson and Sparrow reported the following 
conclusions resulting from tests at the Bureau of Stand- 
ards: at constant speed, mixture ratio and power output, 
the fuel consumption in lbs. per bhp. hr. is independent 
of the temperatures and methods of heating the intake 
charge within the range tested. The rate at which an 
engine will accelerate with a given mixture ratio or 
carbureter setting is markedly affected by the amount of 
heat supplied and its method of application. Within the 
limits of their tests the greater the amount of heat sup- 
plied to the charge and the higher its temperature at 
the intake port the more rapidly the engine accelerated. 
W. E. Lay reports tests which prove that the mixtures 
giving maximum economy become leaner as the load in- 
creases. The mixture giving best economy at high tem- 
perature is leaner than one giving best economy at lower 
temperature. Thermal efficiency increases as the tem- 
perature at the carbureter inlet increases. 

Fielder reporting on tests made for the Fifth Ave- 
nue Coach Co. shows that average economy is much 
Increased by a device arranged to maintain a con- 
stant temperature of mixture even though atmos- 
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pheric temperature conditions vary between wide limits. 
* Engineers interested in fuel conservation have often 
commented on the quite general practice of using rich 
mixtures as a means of securing rapid acceleration. In 
this connection Sparrow reports tests in which he found 
it possible to secure the same acceleration with a heated 
mixture consisting of 15.3 parts of air to 1 of fuel by 
weight as with an unheated mixture of 9.4 to 1 propor- 
tions. From this it is quite evident that properly heat- 
ing the fuel effects not only much higher economy but 
enables good handling and acceleration, factors often 
gained otherwise by the use of over-rich and extremely 
wasteful mixtures. 

Frank A. Howard has drawn attention to the fact that 
the ordinary engine gasoline sold to-day possesses suffi- 
cient inherent volatility to take and maintain the condi- 
tion of a gas at a temperature at or below average intake 
manifold temperatures. Manifold condensation seldom 
if ever occurs and cylinder condensation is even less 
probable. Fuel once vaporized must, under the condi- 
tions in the manifold, remain a vapor; hence if liquid is 
found beyond the vaporizer it reached there as a liquid. 
Manifold condensation, Howard maintains, is impossible 
with ordinary gasoline above a temperature of about 
125 deg. Fahr., because it is physically impossible for 
fuel vapor to condense when its partial pressure is lower 
than the determined vapor pressure of the liquid itself 
at that temperature and this is apparently the average 
condition in an engine manifold. 

Norman calls attention to the fact that heating the 
air, or the whole charge, will unquestionably give re- 
duced maximum power with the engine on the test- 
stand. On the other hand it will also make it possible 
to operate the engine satisfactorily over a greater range 
of mixture ratio. It is a question whether this smoother 
general operation is not worth more on‘the road than 
an increase of power on the test-stand amounting to 
perhaps 5 to 10 per cent. In any case, within certain 
limits, the leanest mixture means the greatest economy 
and air heating, even up to 250 deg. Fahr., is found to 
give improved economy by enabling the engine to run 
on leaner mixtures. 

Dickinson points out that not only good operating con- 
ditions but good acceleration can be obtained with an 
economy mixture if the temperature is maintained at 
about the right point. 
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Fig. 8—Ensign fuel convertor. 
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The most general means of maintaining the desired 
temperature of charge is to apply exhaust heat to the 
‘inlet manifold. This subject will be considered under 
the next heading, manifolding and distribution. One 
other method of supplying the heat necessary will be 
mentioned here, namely, that of burning a small portion 
of the charge for the purpose of heating and vaporizing 
the remaining portion. Two devices operating on this 
principle which have seen quite extensive use are the 
Ensign fuel converter illustrated in Fig. 8, and the Pack- 
ard “fuelizer,” so-called, illustrated in Fig. 9. The En- 
sign device is so arranged that heavy ends of the fuel 
not carried out of the carbureter in the air stream are 
collected below a gauze in the base chamber, together 
with some air. The rich mixture thus formed in the 
base chamber is ignited by the spark plug and the 
products of combustion discharged through the riser 
tube shown to a point above the throttle where they 
mix with and heat the remaining charge. 

The Packard device is in effect a small supplementary 
carbureter arranged to function primarily under low 
throttle conditions, especially in starting. Fuel and air 
drawn through this device under the high velocity in- 
duced by the high vacuum in the manifold is fed to a 
chamber containing a spark plug where it is ignited. 
The hot products of combustion flow into the inlet mani- 
fold through: small orifices above the throttle and thus 
heat the remainder of the charge. This device is said 
to overcome the difficulty experienced by some in secur- 
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Fig. 10—Tice-Stewart fuel vaporizing system. 
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ing a sufficiently high degree of exhaust heat under low 
loads to properly vaporize fuel in the charge. 

Another factor having a marked influence on vapori- 
zation is the degree of atomization of the fuel as it leaves 
the fuel nozzle. Fine atomization increases the fuel sur- 
face exposed to heat and thus enables more rapid vapori- 
zation. Atomization is facilitated by high velocity at the 
jet and in some cases by entraining air in the fuel 
stream prior to its discharge from the jet. _ 


Better Distribution and Manifolding 


The problem of properly heating the charge referred 
to under the previous heading is met in most cases by 
heating the inlet manifold. This is accomplished in 
various ways, the heat necessary being secured in most 
instances by the use of an exhaust jacket surrounding 
a portion of or the entire inlet manifold. Some investi- 
gators are of the opinion that too much heat is absorbed 
by the charge with a result of excessive rise in tempera- 
ture when the entire manifold is jacketed, and for this 
reason most efforts are directed toward heating and va- 
porizing the fuel without unduly increasing the tem- 
perature in the entire charge. This is effected at least 
to some extent by use of the so-called hot-spot located, 
as a rule, opposite the discharge of the carbureter or its 
riser. Many efforts have been made to concentrate heat 
at this point, but it has been shown that liquid de- 
posited out of the air stream tends to accumulate at the 
lower side of the manifold adjacent to the T so that 
considerable heat is required at this point. 

Among early investigators who experimented with 
means for heating the fuel without excessive heating of 
the air was P. S. Tice, who developed the Stewart vapor- 
izing system shown in Fig. 10. In this the liquid stream 
issuing from the carbureter is projected into an exhaust 
heated dome with internal and external ribs which pro- 
vide considerable surface on which the fuel is vaporized. 
The vapor then issues into the manifold in the form of a 
fog and enters the cylinder at a temperature of about 
150 deg. Fahr., which is said to remain approximately 
constant at all loads and speeds. 
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EXHAUST JACKET 


Fig. 12—Exhaust heated inlet pipe designed by 
Scarratt. 


Other developments along similar lines are seen in the 
manifolds developed by Nelson, Fig. 11, Scarratt, Fig. 12, 
and Dorris, Fig. 13. It will be seen by reference to Figs. 
11 and 12 that the liquid fuel in both cases is thrown 
against exhaust heated surfaces. Portions of the fuel 
not vaporized immediately are deposited out on the hot 
surface against which they are held under influence of 
gravity or centrifugal action until vaporized, after which 
they enter the air stream and are drawn into the cylin- 
ders. Fig. 13 shows an exhaust heated manifold so ar- 
ranged that unvaporized portions of the fuel which reach 
the inlet ports in liquid condition are deposited out and 
are returned to an exhaust heated vaporizing pocket 
where they are converted into a gas and returned to the 
charge. The average temperature of the charge enter- 
ing the cylinder in this case is said to be approximately 
175 deg. Fahr. 

Fig. 14 shows a type of inlet manifold developed by 
the International Harvester Co. Practically the entire 
inlet pipe is disposed within the exhaust header, yet ac- 
cording to D. L. Arnold, the charge is not heated suffi- 
ciently to materially affect the maximum power devel- 
oped. The assumption is that the fuel rides the surface 
all the way round, as indicated by the arrows, thus insu- 
lating the core of air. With this manifold the engine is 
reported to develop 79 lb. brake m.e.p. on 0.6 lb. of gaso- 
line per hp. hr., and with very little knock. 

Howard, Mock and other investigators have drawn at- 
tention to the need for increasing the time which 
elapses between discharge of the fuel from the carbure- 
tor jet and the entrance of the fuel to the cylinder in 
order to facilitate vaporization. The Tice, Nelson, Scar- 
ratt and Dorris designs provide for this in the manner 
indicated. These and other designs also provide in- 
creased surface for transfer of exhaust heat from the 
exhaust jacket to the fuel deposited on the other side 
of the heating surface. By the use of large heating sur- 
faces the temperature of the surface may be decreased. 
since the quantity of fuel vaporized is a function of time, 
heating surface and temperature difference, it is evident 
that all these factors must be considered in efforts to 
properly vaporize fuel in the charge. 

One means of increasing the time element has been 
suggested by Mock. This involves the use of an ex- 
pansion chamber with baffles between carbureter and 
engine. Liquid particles of fuel not vaporized would be 
deposited out in this chamber and vaporized by contact 
with exhaust heated walls. 

O. C. Berry, discussing tests made at Purdue Uni- 
versity, calls attention to the fact that too great an in- 
crease in the temperature of the mixture decreases the 
power considerably and does not increase the thermal 
efficiency. The mixture temperature giving maximum 
power in the Purdue test also gave maximum efficiency, 
and the mixture itself was fairly wet. 

Crane, in discussing the subject of distribution, sug- 





Fig. 13—Exhaust heated intake manifold designed by 
Dorris. 


gests the desirability of making the manifold in the first 
instance so as to give the best possible distribution with- 
out addition of heat and then adding sufficient heat for 
vaporization. According to his view the manifold should 
be made as short as possible and should have an upgrade 
all the way from carbureter to cylinder port. It should 
be of minimum diameter consistent with power develop- 
ment, and under ideal conditions should be free from 
liquid on its internal surface. Crane also calls atten- 
tion to the disturbing effect, especially at low speeds, 
caused by late closing of the inlet valve, with conse- 
quent discharge into the inlet manifold of a portion of 
the charge already in the cylinder. 


Tice and other investigators of the flow of the charge 
in glass manifolds have shown that liquid tends to ac- 
cumulate on the walls and travel along them, accumulat- 
ing, especially at points of low pressure. Dickinson 
states that distribution and acceleration are largely de- 
pendent upon the condition of the manifold surface. 
Both distribution and acceleration are improved when 
the manifold surface is relatively dry. James states that 
tests made at the Bureau of Standards indicate that a 
much closer study of conditions which determine ability 
to accelerate rapidly are needed. 


From the foregoing analysis of factors affecting the 
vaporization and distribution of the mixture it will ap- 
pear that much fundamental data bearing on this subject 
has been secured. Designs making use of this informa- 
tion are already in use, but much more development work 
is necessary to improve the performance of the average 
present day car. A test made on a large number of cars 
and trucks by the Bureau of Mines indicate that the aver- 
age car under average operating conditions fails to burn 
from 20 to 30 per cent of the fuel fed through the car- 
bureter. This enormous waste is the result of inaccurate 
metering of the fuel and air, incomplete vaporization, 








Fig. 14—Combination intake and exhaust header held 
by International Harvester Co. 
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poor distribution and mixing, resulting in incomplete 
combustion. 


Control of Combustion 


We have already seen that one of the most serious 
limiting factors in securing better utilization of fuel is 
the tendency of present day fuels to cause knocking of 
the engine. The precise cause of this phenomenon is not 
known, but is presumed to be due to detonation of the 
charge or portions thereof with accompanying develop- 
ment of extremely high pressures. Tests made at the 
Bureau of Standards have shown that maximum pres- 
sures of at least 1300 lb. per sq. in. are attained when 
detonation occurs under certain conditions. Experiments 
made by Dixon and others show that the rate at which 
flame travels through a combustible mixture varies in 
steps from the time of ignition. During the early period 
of combustion the flame is blue or green and travels at 
a relatively low constant speed. During the next period 
the rate of travel accelerates rapidly and the flame be- 
comes yellow until it attains a constant and very rapid 
velocity which is termed detonation. The flame is usual- 
ly white during the detonation period and the liberation 
of energy is extremely rapid. 

If in a given volume of mixture the entire charge can 
be ignited before the flame has had an opportunity to at- 
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Fig. 15—Curves showing the increase in fuel 
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tain the detonation velocity, detonation does not occur. 
It is possible to control detonation by at least four 
methods, as will be seen by reference to the chart at the 
beginning of this article. In this connection as Horn- 
ing, Ricardo and others have pointed out turbulence of 
the charge is an extremely important element. If at the 
moment of ignition the charge is swirling or in rapid mo- 
tion the flame is quickly spread to many points in the 
mixture. This is practically equivalent to igniting the 
mixture simultaneously at many points. Under these 
circumstances the flame has a minimum distance to 
travel and consequently does not have time to attain the 
detonation velocity. 

There are two methods of creating turbulence in ‘the 
combustion chamber. The first is to so locate the valve 
and proportion its size and lift that the charge, entering 
the combustion chamber at high velocity, is given a 
swirling motion which continues during the compression 
stroke and ignition period. To do this the combustion 
chamber must be so shaped as to minimize eddying and 
the velocity necessary through the valve must be so 
great as to limit the volumetric efficiency to a value 
lower than is otherwise necessary. Horning’s recent pa- 
per on the subject of turbulence shows shapes of com- 
bustion chamber such that the gases being compressed 
in the clearing space are caused to move at high velocity, 
thus positively creating turbulence. This result is ac- 
complished without unduly limiting the valve area and 


constitutes the second method of creating turbulence. 

The second means of controlling detonation referred 
to in the chart is to so place the spark plug or plugs 
that the flame will have the shortest possible distance to 
travel. This is accomplished with a single plug when 
the plug is placed as near as possible to the center of 
gravity of the mixture. The use of two or more plugs 
properly placed and fired simultaneously further mini- 
mizes the distance to be traveled and may to some extent 
compensate for lack of turbulence. 

Detonation is known to be controlled to some extent 
by pressure, and according to Midgely, Tice and others 
is greatly affected by temperature. Ricardo attributes 
detonation to the following phenomena; a combustible 
mixture in a closed chamber is ignited and the flame 
starts to travel from this point. The combustion raises 
the pressure of the gases burned and as a result the re- 
maining unburnt gas is compressed and heated until 
finally it reaches the auto-ignition temperature and the 
entire mass is set off simultaneously. It will be seen 
that if the gas is already heated by contact with the 
piston head, exhaust valve or other hot parts of the com- 
bustion chamber, its auto-ignition temperature is more 
quickly reached. For this reason it is desirable to cre- 
ate turbulence which tends to equalize the temperature 
of the entire charge. It is desirable also to so design 
the piston, exhaust valve, spark plug and any other 
parts that may easily become overheated in such a way 
that a maximum of cooling results. Horning and others 
have pointed out that it is desirable to place the spark 
plug so that ignition will take place at a minimum dis- 
tance from the hottest point. It should also be placed 
in the path of greatest turbulence and in, rather than 
opposite to, a pocket in the combustion chamber. 

The pressure of the gases at the time of ignition is 
controlled primarily by the compression ratio, but can, 
as Nelson has pointed out, be controlled to some extent 
by variation in the valve timing. It is a matter of com- 
mon knowledge that most engines tend to knock more 
readily at low than at high speeds. If then the compres- 
sion pressure can be reduced at the lower speeds the 
tendency to knock will be less at these speeds. This is 
accomplished by employing a late closing of the inlet 
valve. At low speed some of the charge drawn into the 
cylinder is ejected again before the valve closes, while 
at high speeds this tendency is overcome by the greater 
inertia of incoming gas. This method of control, accord- 
ing to Nelson, makes possible the use of higher compres- 
sion ratios than are otherwise useable. 

Another important means of controlling detonation 
discovered and developed by Kettering and Midgley in- 
volves the use of so-called “doped” fuels. Small quanti- 
ties of iodine and anilin among other substances have 
been found to control, at least within certain limits, the 
tendency of a fuel to knock, and much experimental work 
has been done with a view to developing a dope which 
will be readily available commercially and if possible be 
added to the fuel during the refining process. It is cer- 
tain that if such a substance is found and generally em- 
ployed far higher compression ratios can be used and 
correspondingly higher thermal efficiency attained. 


Extensive research work initiated and conducted by 
Kettering and Midgley has shown that various classes 
of hydrocarbon fuels with different molecular structures 
have widely differing tendencies to detonate. Ethers 
have the greatest tendency to knock of the more common 
hydrocarbons, while the alcohols have the least tendency. 
Midgley was the first to arrange the common hydrocar- 
bons in the order of their tendency to knock. He gives 
the following table of hydrocarbon fuels arranged in 
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order of tendency to detonate and giving the disadvan- 
tages of these fuels in other respects: 


Fuels Disadvantages 
Ethers Pre-ignition 
Paraffins None, if volatile 
Olefins Polymerize and stick 


intake valves 


Naphthenes None, if volatile 
Aromatics Form fluffy carbon 
Alcohols Low heating value 


Ricardo has attempted, as reported in articles by him 
printed in these columns, to go a step further and as- 
sign to the various fuels a definite knocking value, but 
for reasons which cannot here be discussed there is 
reason to question the value of some of the results ob- 
tained, though in the main they probably serve a useful 
purpose. 

Many tests on blended fuels, such as mixtures of gaso- 
line and benzol or gasoline, benzol and alcohol, have 
been made with a view to counteracting knocking ten- 
dencies and other disadvantages. The value of fuels of 
this character is limited to some extent by lack of suffi- 
cient quantity for general use and means for general dis- 
tribution. It has been definitely proved, however, that 
some fuels can be greatly improved by blending and for 
this reason it seems probable that such fuels will be more 
generally used in future than has been the case to date. 
The use of blended fuels enables the use of higher com- 
pression ratios and consequently higher economies in en- 
gines designed for their use. 

The use of excess air or inert gas, such as products 
of combustion, as diluents to prevent detonation, has al- 
ready been touched upon, and it seems probable that 
their use will increase in the future. The use of diluents 
may decrease the maximum output of engines of a given 
size and weight, but this detrimental effect can be partly 
if not wholly offset by the use of higher compression 
pressure and consequent higher mean effective pres- 
sures, while the thermal efficiency can be considerably 
increased. There seems to be great promise in this field 
which will doubtless receive much more general consid- 
eration in the near future. 

The effect of spark timing on the control of combus- 
tion and the resultant effect upon economy has been in- 
vestigated by Sparrow, Grimes and others. It has been 
customary to use extensively devices which increase the 
spark advance with speed. There is need for further 
consideration of means for securing the most effective 
spark advance with change in load. As the load de- 
creases greater spark advance can be employed to ad- 
vantage from the standpoint of better economy, and it 
may be possible to more or less positively control spark 
advance in relation to load. In any case this is a matter 
worthy of further consideration. 


Better Load Factor 


It is a well-known fact that the efficiency of the ordi- 
nary throttling Otto cycle engine falls off rapidly with de- 
crease in load (see Fig. 15), and it is unfortunately true 
that the average driving condition in the case of the 
usual passenger car is one of low load operation under 
which the economy is necessarily poor. Anything which 
can be done to better the load factor will of course re- 
sult in increased economy, but will under the usual cir- 
cumstances correspondingly decrease what is generally 
called high gear ability. The advantages of high gear 
ratios in respect to load factor have been pointed out by 
Nelson and the disadvantages must also be taken into 
consideration. Nelson shows in one case that a change 
in rear axle gear ratio from 4.5 to 1 to 2.5 to 1 resulted 
in a@ maximum increase in the brake thermal efficiency 


of 53 per cent at 29 mi. per hr. car speed and 48 per 
cent at 10 mi. per hr. Gains in efficiency of this order 
should not longer be overlooked. While it is no doubt 
true that the American public objects to gear changing, 
which becomes more necessary as the gear ratio is in- 
creased and the car ability correspondingly decreased, 
many believe that means can be found to overcome this 
disadvantage by changes and improvements in transmis- 
sion design. It is suggested in this connection that the 
possibility of two-speed axles be further investigated, the 
lower gear to be used in traffic and when maximum car 
ability is required and the higher gear as much as pos- 
sible under average driving conditions. With the noise 
and general aversion to use of the lower gears of the 
transmission thus reduced and higher economies made 
possible, it is believed that such complication in mech- 
anism and control as would be involved would be much 
more than offset. 

The possibility of decreased total weight of vehicle in 
connection with its relation to gear ratio and load factor 
should also receive further consideration. 


Friction and Acceleration Factors 


The effect of friction and acceleration factors upon 
fuel economy has been much discussed, but too little 
heeded. There are many factors which contribute to 
the frictional resistance to motion of the car. The use 
of proper lubricant, especially the substitution of oil for 
grease in the transmission and rear axle, assists in ma- 
terially reducing friction, as does also the proper selec- 
tion of bearings and the fit and adjustment of bearing 
parts. A considerable proportion of the frictional loss 
in a car lies in the tires. Greater improvement in this 
regard has been made by the development and much more 
extensive use of cord tires, which absorb far less power 
than the ordinary fabric type. Tests by E. H. Lockwood 
show that the power absorbed by the fabric type exceeds 
by as much as 100 per cent that absorbed by the cord 
type. Inflation pressures also have a bearing upon fric- 
tional loss, the loss decreasing as the inflation pressure 
increases. 

Lubricants, especially that used in the engine, should 
be selected with due regard to temperature conditions 
during operation. Sparrow has shown that, while the 
fuel consumption of an engine per indicated horsepower- 
hour remains substantially constant with change in tem- 
perature of jacket water, there is a very material differ- 
ence in the fuel consumed per brake horsepower-hour, 
due to the much higher viscosity of the oil at low tem- 
perature. See Fig. 15. 

The loss of power due to dragging brakes Fas often 
been mentioned in discussing frictional losses in cars, 
but much opportunity for improvement still exists in 
respect to the design of brakes which will not drag. The 
external band brake is a serious offender in this connec- 
tion, and for this and other reasons is fortunately being 
abandoned on many cars. 

Sparrow, in discussing the relative merits of large 
slow speed and small high-speed engines, shows that the 
former type is the more efficient relatively, due to the 
fact that friction losses increase materially with high 
speed. Frictional power losses increase to some extent 
as the load on the engine decreases at any given speed. 
This is one reason why the economy of the ordinary 
throttling engine decreases rapidly as the load decreases. 
James quotes figures which show in one case that, where- 
as only 2.85 hp. is required to propel a certain car on 
a level road at 20 miles per hour, the friction horsepower 
in the engine under these conditions amounts to 3.51 
hp., showing that, under what may be regarded as ap- 
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proximately an average operating condition, a very 
large percentage of the fuel consumed goes simply to 
overcome frictional losses in the engine. These losses 
can be minimized by the use of larger and slower speed 
engines with proper gear reductions and a better power 
factor, as already pointed out. Here, again, the ddvan- 
tage of using a non-throttling, constant-compression en- 
gine, already referred to, is worthy of consideration. 

The power absorbed in overcoming air resistance is 
not very great at moderate speeds, but increases with 
the square of the velocity and, therefore, becomes a large 
factor at high speed. This loss cannot be avoided, but 
can be minimized by reducing, so far as is practical, 
the frontal area of the car and improving the stream- 
line form. : 

Frictional resistance to the motion of the car on the 
road is a function of the nature of the road surface and 
is a minimum on hard, smooth surfaces. It will thus 
be seen that good roads are an important factor in rela- 
tion to fuel economy. Considerable saving in power 
and fuel can also be effected by proper road grading. 

Gear ratio and weight are factors which, together 
with the power available, control the rate of accelera- 
tion of a given car. The lower the weight the higher 
the gear ratio that can be used for given power and 
the less fuel is consumed in acceleration and climbing. 


Oil Dilution by Fuel 


Less oil dilution by fuel, the last item listed in the 
chart at the beginning of the article, under the heading 
of better utilization of fuel in present engines, refers 
to dilution of lubricating oil in the crankcase by fuel 
passing the pistons. The waste of fuel in this respect, 
while not a large element in the total fuel consumption 
of a car, has a very serious effect upon the operation, 
wear and other factors, and results in waste of lubricant, 
for which there is as much need for conservation as 
there is for fuel conservation. Oil dilution can be mini- 
mized by the use of better-fitting pistons and rings, by 
better vaporization of the fuel during normal operation, 
with a minimum of raw or unvaporized fuel allowed to 
enter the cylinder, and by avoiding the use of the choke 
and other devices providing excessively rich mixtures 
for starting. 

Better-fitting pistons and rings are secured by careful 
machine work and selection of well-mated parts in as- 
sembly. Better means for fuel vaporization have al- 
ready been considered. The practice of using the choke 
or an over-rich mixture for starting is very general and 
results not only in the direct waste of fuel but in feed- 
ing into fhe cylinder raw liquid fuel, a portion of which 
invariably finds its way past the pistons. This loss can 
be minimized, if not entirely prevented, by the use of 
some pre-heating device, such as the Packard ‘“‘fuelizer,” 
or by the use of some very volatile liquid, such as petro- 
leum ether, for priming. In the latter case exhaust heat 
resulting from the first few explosions in the cylinder 
provides means for vaporizing the fuel entering later 
in the normal way through the carbureter. 


The Possibility and Advantage of Better Fuel 


The items thus far enumerated as bearing upon the 
subject of better fuel economy are in large part subject 
to control by the automotive industry, or are of such 
nature that their solution can and should be sought by 
this industry. The problem does not end with the auto- 
motive industry, however. It is quite as important that 
the petroleum industry use its best effort to provide fuel 
that will so far as possible lend itself to most efficient 
utilization. It will not suffice to take the attitude that 
nothing can be done by the fuel industry save to furnish 


products obtainable from crude petroleum by direct and 
simple distillation processes. Much increase in gasoline 
production has resulted from the introduction of crack- 
ing processes which change the molecular structure of 
the fuel. It has been conclusively demonstrated by 
Midgley and others that certain other molecular changes. 
in the average fuel produced would much better suit 
it for efficient use. The possibility of doing this must 
not be overlooked, even though it involves large invest- 
ment in cracking stills or other equipment. 

Crane is responsible for the statement that it is im- 
possible to build a simple automotive engine which will 
effectively and efficiently handle, under all operating 
conditions, even the fuels at present available. Rea- 
sonably satisfactory operation is obtainable by the use 
of more or less complicated vaporizing devices, but even 
then really good economy is not secured, and the more 
complicated the device the more difficult becomes its 
use in the hands of the average vehicle operator. Horn- 
ing, Crane and others have pointed out that portions of 
the fuel which distil at temperatures in excess of 400 deg. 
Fahr. are more or less useless and lead to difficulties in 
oil dilution, etc., which render them decidedly objection- 
able. Tests made by Sparrow indicate that increase in 
end point leads to direct increase in fuel consumption. 
In spite of these facts, the end point of commercial gaso- 
line has been increasing for many years, and but little 
effort appears to have been made by the petroleum indus- 
try to maintain it within suitable bounds. 

It is a well-known fact that the use of benzol, alcohol 
and other substances with gasoline make it possible to 
use the latter with much greater satisfaction and effi- 
ciency than when the gasoline is used alone. Unfortu- 
nately, neither benzol nor alcohol are produced in suffi- 
cient quantities to make it possible to use them as blend- 
ing agents for even a large proportion of the gasoline 
now produced. Nevertheless, their production and use 
should be encouraged and steps to determine whether 
other blending agents forming a part of crude petro- 
leum, or easily derivable therefrom, cannot be produced 
in sufficient quantity to be used to materially improve 
present-day gasolines. 

This brings us to the important subject of the use of 
so-called “‘dopes.” As already pointed out, Midgley and 
others have definitely demonstrated the advantage of 
using certain dopes. Efforts to find a suitable dope 
which can be produced ana used in the normal process 
of refining are under way and should receive more gen- 
eral consideration. If, as seems entirely possible, it 
proves to be commercially feasible to produce fuels 
which will be free from the knocking tendency even 
under high compression, the available supply of crude 
petroleum can certainly be made to go much further than 
it will go if present methods and qualities of fuel are 
generally maintained in the market. 

There is certainly great need for further and more 
effective co-operation between the automotive and petro- 
leum industries with a view to producing both engines 
and fuels which will result in the most effective net 
result, to the end that our natural fuel resources may 
be conserved and utilized to the best advantage. 

It will be seen from the foregoing that the fuel prob- 
lem is exceedingly complex and must be made the subject 
of much further and more extensive research work. The 
co-operation attained to date in this direction in the au- 
tomotive industry is highly commendable. It would seem 
that the petroleum industry has been less progressive 
and energetic in seeking the solution of the fuel problem, 
at least in so far as the public has been informed. Every 
effort should be made to bring about a better mutua! 
understanding of existing problems. 
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FACTORS AFFECTING DESIGN 








Advantages of Contact with the Vehicle 
in Road Use 


No test is so likely to indicate weak points in a vehicle as’ road use. 


Every owner should be made a member of the factory experimental de- 


partment. The results of such a policy are an invaluable aid to the engi- 


neer in making new designs and in correcting faults in old models. 


By J. Edward Schipper 


tively speaking, a member of the factory experi- 

mental department. Viewed from that standpoint, 
every car on the road is a test car. Every trip made by 
an owner is a test trip. Every mishap pays for itself 
by the fund of data it supplies the factory metallurgical 
and engineering departments. 

To realize fully this ideal situation would be an in- 
volved and expensive proceeding. There is no reason, 
however, why a high percentage of this information 
cannot be rendered available to the factory executives 
and engineering department in every automobile and 
truck plant. In fact, a great many companies have sys- 
tems by which they are accomplishing this end, but very 
few, if any, are going into the matter as thoroughly as 
should be done at this stage of the industry. 

To get this information into the hands of the proper 
people at the factory, it is necessary that the proper 
system be employed. The matter must be made a routine 
work, so that an uninterrupted flow of reports on cars 
in owners’ hands is continually coming into the fac- 
tory office. There are several methods of doing this, 
some of which will be described herewith, employed by 
various concerns in the passenger car and truck fields. 
Many of these are capable of further development and 
form the nucleus of a system which, if amplified, would 
reach the desired efficiency. 


| ) VERY owner of a car or truck should be, figura- 


Use of Service Reports 


In bringing out an improved series of a current model 
it is customary to utilize the reports turned over to the 
engineering department by the service manager. This 
is common practice in all concerns and it is by necessity 
that the cars on the road offer the direct information as 
to what improvements are necessary in models which 
are going through production. The reports that the serv- 
ice manager turns over to the engineering department, 
or which reach the engineering department by way of 
the metallurgical department, which has investigated 
broken parts turned over to them by the service depart- 
ment, are complete or incomplete in accordance as to 
whether or not the proper contact is maintained between 
the factory and the cars which are out. 

There are always a certain number of parts coming 
back in the way of policy replacement. These are re- 
placements made by the dealer to the consumer without 
charge, and in order to receive credit from the factory 


the dealer has returned them with a claim. This claim 
is investigated through the metallurgical or other de- 
partments concerned and the claim allowed or disal- 
lowed. At the same time information is gathered which 
is of benefit to the engineering department and which is 
so utilized by every factory in the business which makes 
any pretense of systematically organizing its affairs. 

It is possible and necessary to go much further than 
this in order to maintain the proper contact with the 
cars which are out in the owners’ hands. The policy 
replacement involves parts which are broken only dur- 
ing the three months’ guarantee period. There are a 
number of other parts, however, which are broken after 
this period has expired and of which in many cases the 
engineering department at the factory is never informed. 
This is neglect of a source of information which is of 
the highest value in determining future dimensions, ma- 
terial specifications and structural design of future 
parts. To state the matter simply, there is not sufficient- 
ly direct contact between the owner and the plant. The 
owner has not been made a member of the experimental 
department. His car is not a factory test car. 


The Method 


There is no one best method for keeping this contact. 
The method employed depends very largely upon the size 
of the organization and its output. A very good example 
of how this work can be carried out by a large organiza- 
tion is the method employed by the International Harv- 
ester Co., in following the fortune of its trucks in the 
hands of the owner. This organization has 100 factory 
branches through which its sales and service on trucks 
are handled and supervised. Each of these factory 
branches has what is known as a road engineer, whose 
sole duty it is to inspect the trucks in use in his territory. 
He is constantly on the road, going from one owner to 
the next, going over every one of the trucks in his terri- 
tory, so that every truck the International Harvester Co. 
has in the field receives three to four inspections a year 
by these road engineers. A report on every truck is 
made up by the road engineer and forwarded to the serv- 
ice manager at the factory. It is the duty of the service 
manager at the factory to act as a clearing house for all 
of this information and to properly tabulate it and send 
it to the engineering department. By complete card in- 
dex systems a record of every truck out is available. 

It is possible to picture the tremendous amount of in- 
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formation that the engineering department has with a 
system of this kind. In his talk with the owner of tne 
truck the road engineer is, of course, informed of every 
mishap which has occurred; he knows the service each 
particular truck has been giving and this information, 
coupled with the territorial peculiarities of the courtry 
in which the truck is operating, gives immediately a 
view of the service ability of that particular kind and 
size of truck in that particular country and on that par- 
ticular kind of work. 

This vast system could, of course, be only employed 
by a very large organization. To carry 100 road engi- 
neers on the payroll of a concern means a large annual 
expenditure, which could not be carried by any moderate 
size organization. It shows, however, the length to 
which a large and well-managed concern is willing to go 
in order to keep in touch with the vehicles in the users’ 
hands. A continuous flow of priceless information is 
continually coming to the plant from every truck which 
it has turned out and puts into the field. By properly 
tabulating and charting these complaints and records, 
it is easy to see that the International Harvester Co. 
knows whether or not each 
part in its truck is properly 
designed; whether or not it 
has the proper material 
with the proper heat treat- 
ment, and every bit of other 
information regarding it 
which is necessary to de- 
termine whether or not to 
continue that particular 
feature in future designs. 

The sales value of such a 
system must not be over- 
looked in considering the 
benefits which accrue from 
its use. When an owner of 
a truck is approached three 
or four times a year by a 
factory inspector and his 
vehicles given a thorough 
going over, with recom- 
mendations as to repairs, 
etc., it is easy to see that this owner is going to 
be impressed by the service. he is receiving. When 
he buys another truck he is very apt to purchase one 
of the same make when such attention is given. The In- 
ternational Harvester Co. sold more than 6000 trucks 
during 1920, and did a gross business of over $9,000,000 
in its truck department. In spite of the depression in 
the truck business generally, its quota to dealers has 
been practically as large for 1921 as for 1920. Is it not 
likely that this continuation of business has been largely 
due to this intimate contact between the factory and 
the car in the user’s hands? In other words, the engi- 
neering department is not the only one which profits 
through the contact. 

The Packard Motor Car Co. operates through a differ- 
ent system. At the factory there is a service engineer 
who makes periodic trips to the various distributers, 
talking directly with their technical men. These techni- 
cal men are in the employ of the distributer and in this 
case act as the eyes of the organization and as the con- 
tact point with the owners of the Packard cars and 
trucks. The service engineer also takes care of all the 
complaints which come by mail to the factory and he 
also keeps a strict tabulation on all returned goods. 
These are tabulated under the head of the particular 
part and are so kept that at all times it is possible to 
see if the percentage of returns on any given parts are 
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running above normal. 

The keynote of this system is, of course, the technical 
man and the way he is handled by the distributer. If he 
is kept continually on the go and circulating among the 
owners’ cars and trucks, he is an exact parallel with 
the road engineer, as described under the International 
Harvester system. On the other hand, if the technical 
man is an inside man, his contact is maintained only 
when trouble develops. In either way, however, he is 
the man who secures the reports on the cars and trucks 
on the road, and he files his reports with the service 
engineer at the factory who keeps in continual touch 
with him. The technical man makes frequent trips to 
the factory and thus acts as a direct go-between, con- 
necting the manufacturing organization with the owners. 

A monthly analysis of trouble complaints is made by 
the service engineer. He charts these under the month- 
ly record head as number of complaints made, number 
investigated, number remedied. Then, in further detail, 
the cause of the compaint is noted and the remedy ap- 
plied or suggested for future designs is entered. Under 
the subhead of how remedied, there are four classifica- 

tions. These are: 
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The educational campaign 
is started when it is found 


Bz that certain troubles are 


developing, due to the mis- 
use or improper driving of 
the owner. For instance, 
if a number of complaints 
are coming in on the clutch, 
indicating that owners are 
slipping the clutch too much 
in driving, and although it 
has been found that the 
clutch is perfectly satisfac- 
tory when properly used, that there are an abnormal 
number of complaints upon the clutch, an educational 
campaign on proper use of the clutch in driving would 
be started. ; 

In addition to the technical men of the distributers, 
the factory itself has a number of technical men who go 
out among the owners and find if proper service is being 
given and if the cars are giving proper satisfaction. 
This is‘merely a check-up on the service, however, and 
has nothing directly to do with the communication be- 
tween the factory and the car owner from a report of the 
cars on the road standpoint. 

To give another example of the systems in use by the 
different concerns, the Hupp Motor Car Co. uses the 
distributer as the connecting link between the car on 
the road and the factory. When an owner comes into the 
distributer’s service department with a complaint a care- 
ful record is made and is forwarded to the factory, where 
it goes to the service manager’s desk. A copy of every 
complaint which comes in is sent to the engineering de- 
partment and if it seems serious enough to the service 
engineer, a copy is also sent to the president. If the mat- 
ter affects sales, such as complaints on the finish, etc., 
of the car, copies of these complaints are also sent to the 
sales department. 

These three systems of operation are typical of those 
employed by manufacturing concerns to-day to keep a 
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contact between the factory and the cars which it has 
produced. The service manager at the plant is, of course, 
the man who must organize this system of contact and 
he therefore becomes a very prominent and important 
official in the organization if the work is carried on as 
it should be. It has not been the practice in very many 
organizations in the past to call in the service manager 
on an entirely new design. He is consulted, of course, 
on changes and, in fact, most changes come as a result 
of his reports and recommendations to the engineering 
department, or as the result of recommendations to the 
engineering department from the metallurgical end of 
the business, because of specimens or samples turned 
over to the metallurgical department by the service man- 
ager. Consequently, on revised models, he has been al- 
ways consulted. 

The day has now come, however, when the service man- 
ager should be taken into conference on entirely new 
models. There is no reason why the fund of experience 
which has come as the result of contact with thousands 
of owners’ reports should not be used in just the same 
degree as the reports from the experimental engineer- 
ing department, which secures the data from test cars 
on the road and the laboratory. The owner is an en- 
thusiastic investigator. The car is a part of his daily 
life. After a few months or a year of driving, he be- 
comes so intimately acquainted with his car that its 
slightest symptoms become apparent to him as quickly 
as it would to a trained observer. The factory wants to 
get the information at the disposal of this man. It can 
get it by carefully systematizing the work and by proper- 
ly charting the complaints and information he passes 
along. 


Watch Expenses 


It would be advisable at the factory to divide this in- 
formation and record it in almost the same way as the 
parts themselves are recorded; that is, by keeping the 
records in accordance with the parts numbers and filed 
under the head of the parts numbers, the information is 
immediately usable in every department of the factory. 
At the same time, when a part is to be changed, the 
record on that particular part as compiled from the 
service manager’s reports, which, of course, have orig- 
inated from the owner, are all listed under the number 
of the part under consideration. This immediately ren- 
ders available a fund of information on the part under 
consideration and should be one of the main factors in 
preventing “bugs” in entirely new models, as well as 
making future models better than their predecessors. 

The great point in installing a system of contact be- 
tween the owner’s car on the road and the factory is 
that the system utilized for getting the information into 
the proper hands at the factory shall not be too ex- 
pensive. If an expenditure of from $2 to $5 per car 
is allotted for this purpose, depending on the quan- 
tity of output, a very complete and thorough sys- 
tem can be installed by factories having anywhere 
from a moderate to a heavy output. The practice 
of having road men out among the owners cannot 
be considered as expense without return, because a 
good road man will more than earn his keep by the 
amount of business he turns over to the service depart- 
ment. He will recommend certain definite repairs and 
will save the car owner money, because he will catch 
little troubles before they grow into big ones. He will 
make money for the organization by which he is em- 
ployed, because he will direct the car owner to the 
service station instead of to some miscellaneous garage 
doing work for all classes and makes of cars. 

Also, he brings money back into the business by his 


intimate contact with the owner, through which he tends 
to keep the owner satisfied with the product. Conse- 
quently he can be considered as doing some real, ad- 
vance sales campaign work. When a man has been 
visited by a good factory road man and has become im- 
pressed by the fact that the organization which manu- 
factured his car is interested in seeing that it gives 
him good service, it is unlikely that he will purchase 
any other make of vehicle when he buys subsequently. 
This applies to trucks as much as or more than it does 
to passenger cars. 

The amount of data which, coming into the engi- 
neering department, is of definite use as material for 
determining on future design problems is difficult to 
reckon on a dollar and cent basis. When the amount of 
money which can be spent through an experimental 
department is considered, however, it is certain that this 
information is of the highest value and, furthermore, is 
much more complete and authentic than possibly could 
be secured from an experimental department. In the 
first place, the cars are in the hands of the type of driver 
which will operate the new product. Reports are secured 
from all localities of the country and consequently ab- 
normal conditions in any one locality show up very read- 
ily. There are numerous examples of the effect uf local 
conditions. 

Not long ago, The Hupp Motor Car Co. noted that the 
high road speeds of California put an added duty on the 
cooling system of the car because uninterrupted travel 
at high speeds was more general in this particular lc- 
cality than in any other. The speed laws permit of 
higher speeds and the roads are wide and straight. 
Complaints from the owners, which passed back through 
the dealer and then to the factory, gave an intimate 
knowledge of these conditions and allowed of slight al- 
terations in the cooling water capacity to take care of 
the abnormal conditions. This would never have reached 
the factory except for the good system of contact with 
its owners. 


Local Conditions 


Another abnormal local condition has been noted by 
certain manufacturers around Birmingham, Ala. It has 
been found that the timing chains tend to etch more 
rapidly than elsewhere. Investigation has shown that 
the extensive use of benzol in this locality has caused, 
particularly in the winter time, a notable sulphuric acid 
content in the lubricating oil. This has acted upon the 
surface of the chain, setting up an electric current which 
has been sufficient to cause very marked chain etching 
and consequently to shorten chain life. 

These facts have been brought to the attention of the 
engineering department by keeping close contact with 
records of the cars in owners’ hands. There are literal- 
ly hundreds of these abnormal conditions which prevail 
in different parts of the country and which it is almost 
impossible to foresee in the engineering department or 
experimental laboratory. The only reliable and sure 
way of finding out these conditions is by the proper <on- 
tact with the cars which the factory has out. Conse- 
quently, it is advisable for a plant to make a study of the 
problem from its own individual standpoint, as the 
number of cars on the road will have a great deal to do 
with the way in which the system is worked out. The 
three examples given herewith of the International 
Harvester, Hupmobile and Packard factories suggest 
three systems which have proved successful. Any con- 
cern which has been in business for a year cr more 
should adopt something along this line in order to rezp 
the full benefit of the experience without which it is im- 
possible to improve design readily. 
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Engineer's Work Definitely Related to 
Human Element in the Plant 


In many points of design, the engineer is limited by the abilities of the 


various human beings within the plant. 


The average accuracy of work 


will affect the tolerances while the cost of supervision is also a factor. 


By Harry Tipper 


the working drawings of his product is to express 
in that design the best practice compatible with 
It is the 


if HE purpose of the designing engineer in laying out 


the working conditions in the organization. 


work of the engineer to include in his design improve- 


ments calculated to increase the service of the product, 
and in suggesting these improvements they must be 
measured necessarily by the possibilities of their prac- 
tical development within the productive organization. 

The development which the engineer can make is, 
therefore, limited by the practice among the supplies of 
raw material, machinery, and so forth, his knowledge 
of that practice, the application of the pure science in 
the actual production work and his observation in con- 
nection with it; the practice within the plant in all the 
elements of production, the accuracy and efficiency of 
that practice anu its relation to the cost limitations 
imposed by the character of the product and its market. 

The final design, therefore, is affected by a great 
many things inside and outside the plant. In all cases 
the most important part of the problem is the human 
element. In the matter of materials, tolerances must be 
met, specifications must be secured with a maximum uni- 
formity so that the labor and time involved in the exam- 
ination, rejection and replacement shall be reduced to 
a minimum. Machinery must be kept in accurate condi- 
tion so that the work can be done within the required 
allowance within the plant. Inspection must be ade- 
quate without imposing too large a burden upon the 
expense of the business, and the practical changes re- 
quired by the design must be such as can be made with- 
out too large an investment. 

This article does not concern itself with the difficul- 
ties arising from the human inefficiency outside the 
plant. It is concerned with the limitations imposed 
upon the engineer on account of the human inefficiencies 
existing within the plant and their effect upon the final 
service of the product as an engineering matter. 


Elements of Limitation 


The limitations arise out of the following elements: 

a—The maximum average accuracy of work. 

b—The cost of the supervisory departmentals. 

c—The knowledge of practice obtaining within the 
plant. 

d—The original work of research and study which 
has been done within the plant. 

Inasmuch as the first two elements deal with the 
general labor situation, and, therefore, the large num- 


ber of individuals within the establishment, it is inter- 
esting to observe the limitations which may be imposed 
upon the designer by the conditions existing in the plant. 

During the war, when plants sprang up over night, 
skilled mechanics were made in a week and men were 
called to inspection before they had become acquainted 
with snap gauges, block gauges, micrometers and test- 
ing tables; a great deal of material went through and 
was passed which amazed the man who used it because 
of its inaccurate operation. This work was not large 
in proportion considering the conditions, but it was sufti- 
cient in volume to represent an enormous cost to the 
Government and a tremendous loss of time and effort. 

The mechanical equipment was all right; the system 
similar to those systems already adopted; the results 
did not reach the usual accuracy and were not as good. 
The fact is that accuracy is a human quality, a matter 
of mental alertness, care and co-ordinated mental and 
physical skill, 

A great many engineers and manufacturers have been 
inclined to believe we were eliminating the human error 
by the accuracy of the mechanical equipment. Some- 
times manufacturers of mechanical equipment have ex- 
plained the perfection of their products by talking about 
the elimination of the human element. 

We have been inclined to minimize the mental alert- 
ness and co-ordinated mental and physical skill required 
in order to produce accurate work from an accurate 
machine. The decrease of human efficiency in the. war 
was no less observable in the inspection than it was at 
the bench. 

Supervision from an inspection standpoint has in- 
creased quite largely as the tolerances have become 
closer in quantity machine work. 

Even with the increased inspection and supervision 
the amount of rejected work per thousand dollars 0! 
product has not grown less and in some cases has grown 
larger. 


Average Accuracy 


The designing engineer is necessarily limited in his 
design work by the average possibility of accuracy and 
the cost of securing a certain accuracy. In some plants 
tolerances have been increased on some operations be- 
cause the cost of securing the original tolerances was 
too great. It is of little use to insist upon accuracy to 
certain fine dimensions, plus or minus, if the actual! 
product does not come within the limitations of that ac- 
curacy. 
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The mere fact that the mechanical equipment for such 
accuracy is provided does not insure its actual produc- 
tion. In fact, it insures very little. In a very large 
establishment in the automotive field where the system 
is considered efficient and the product very good, an ex- 
amination of the inspection department showed that the 
key blue prints were out of date to a considerable per- 
centage, while the other blue prints used by individual 
inspectors and foremen were obsolete to a much larger 
degree. In some of the departments blue prints were 
hardly used. 

In a factory two or three weeks ago, I watched two 
men grinding small pins and checking their work with 
a gauge. The actions of the men had become almost 
automatic. It was evident that their minds were busy on 
other things a certain percentage of the time and it was 
equally evident that the work was not going through as 
accurately as it was supposed to come through. 

One of the reasons for the variation in the action of 
completed machines is the tendency for tolerance errors 
to accumulate in a certain percentage of cases, while in 
other machines they do not accumulate. 

These differences in accuracy and the increased cost 
of supervision as the drawings call for closer tolerance, 
nullify to a certain degree the purpose of the closer oper- 
tions and render the designing engineer’s work useless 
to that extent. 

We have leaned too much upon the ability of the 
mechanical device to take the place of human care and 
skill in dealing with the operation and inspection of the 
product as it passes through the plant. 

Nothing can replace the efficiency of understanding 
in the manufacturing organization. Where the reason 
for the accuracy is not visible the object is to secure as 
much money and to get by with as much product as 
possible. Where the inspection is operated largely by 
men to whom the reasons for accuracy are just as ob- 
scure, the character of the inspection suffers to the same 
degree. Addition to the system of inspection does not 
decrease the error or the amount of rejected work be- 
cause the individual alertness is not improved and the 
individual capacity to catch the mistake is not increased. 

The engineer, of course, is limited not only by the effi- 
ciency of present practice as represented by the average 
efficiency of the worker, but by the cost of securing that 


general average through the supervision necessary for 
its maintenance. It is interesting to note that super- 
vision has increased considerably in factories where the 
operations have been highly standardized and the num- 
ber of workers is large. This adds to the total cost of 
the manufacturing operation and requires the engineer 
to accept lower standards of design because of the addi- 
tional cost involved in securing the higher standards of 
work. 

The improvement of practice within the plant depends 
upon the same human qualities as the maintenance of a 
high average in its accurate development. The constant 
elimination of unnecessary detail, the development of 
system to the point of efficiency without the burden of 
unnecessary motions, the proper division of responsibil- 
ity come out of the human spirit within the plant and 
are not depended wholly upon the mechanical equipment. 
Constant development and practical improvement en- 
able the engineer to put more service into the product 
without increasing its cost and in a way affect the char- 
acter of the design itself. 

Of course the value of the design is affected also by 
the character and quality of the human organization 
within the engineering department itself. The same diffi- 
culties are to be met in the routine work of preparing 
working drawings that are met in the routine work of 
turning these drawings into actual product. 

The development of the departmentalized system with 
its centralized control has led to the same difficulty in 
improving the average accuracy and again the remedy 
is to be found in the alertness, the coordination of men- 
tal and physical skill and understanding, and not in the 
system of sub-division or centralization which occurs. 

In the progress through a number of factories I have 
been impressed with the fact that the designing engi- 
neers are limited more strictly by the human inefficien- 
cies than they have been willing to admit. In all de- 
partments from the experimental department to the in- 
dividual shop, the average accuracy in workmanship is 
not increasing, the average cost of supervision is in- 
creasing and in some plants the product which is turned 
out does not represent the tolerance and fits that are 
required on the blue prints. Mechanical equipment can 
only improve the situation as the human efficiency is 
considered and taken care of. 





Brake Lining 


HE methods used by the passenuger car and motor 

truck manufacturers for testing serviceability of 
brake lining vary at the present time so greatly that it is 
extremely difficult for the brake lining manufacturers 
to produce linings that will meet the great variety of tests 
required. Realizing the importance of having some stand- 
ard method of test generally acceptable to the industry a 
Brake Lining Subdivsiion of the-Parts and Fittings Di- 
vision of the Society of Automotive Engineers’ Standards 
Committee has been appointed with a personnel consisting 
of brake lining manufacturers and automobile engineers. 
A meeting was held recently in New York at which the 
problems involved were thoroughly discussed. 

At this meeting data covering a series of tests which 
had been run at the Bureau of Standards on a speciai 
testing machine recently described in these columns were 
submitted. It was decided to build several similar testing 
machines in order that all the miembers of the Subdivision 
can run a series of tests with a view to deciding upon a 
definite specification for testing brake lining after the 
results of the different tests are compared. 


Specifications 


It was the consensus of opinion that any specification 
adopted should be such that it would not require expensive 
testing apparatus and that the establishment of a standard 
specification would be of great value to the passenger car, 
motor truck and axle manufacturers. 





NNOUNCEMENTS concerning the Engineering 
Number of AUTOMOTIVE INDUSTRIES indicated that a 
description of the Ricardo engine would be included. Nu- 
merous engine designs attributed to Ricardo are in exist- 
ence, but we have been unable to secure working drawings 
of the particular engine using stratified or localized charge 
which we had in mind, for the reason that this engine was 
purely an experimental design. A diagramatic sketch 
showing the principle of operation of this engine, and some 
results of tests run on the experimental job are given in 
the lead article of this issue, “Where Are We Getting in 
Efforts to Solve the Fuel Problem?” We anticipate print- - 
ing in an early issue a description and test results on the 
Ricardo supercharging engine, also referred to in the lead 
article of this issue. 
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Taking Advantage of the Other Man’s 
Knowledge 


The design engineer, like other specialists, will do his task best if he takes 


advantage of the cooperation extended by contributory or related indus- 
tries. His design is affected by production problems in these outside 


plants and a greater degree of consultation will be beneficial. 


By Norman G. Shidle 


he one time made a remark to his follower, Boswell, 

which should be understood by every automobile de- 
signer and engineer. He said, ‘‘Knowledge is of two 
kinds; we know a subject ourselves, or we know where 
we can find information upon it.” 

Life is too short to allow a man to be a specialist along 
many lines. The best he can hope for is to understand 
one line thoroughly and to have a general knowledge of 
related lines. Approaching his task with this conception, 
the automotive design engineer will analyze carefully 
the sources of information available as regards those 
factors of production outside his own plant which have 
a bearing upon the work of designing. 

Before the engineer is given the blank sheet of paper 
upon which to begin his design, he usually has imposed 
certain general specifications previously determined by 
the management. It is assumed that there is some pur- 
pose behind the building of every new car and every 
new model. The management will probably have deter- 
mined from a survey of the market the general type of 
car and the price class in which it desires to manufac- 
ture. Within these limitations, then, the engineer begins 
to work out his design. 


G ne one JOHNSON never saw an automobile. But 


Limitations 


But other limitations immediately appear; limitations 
imposed by the production practice which must bring 
into material being the car conceived in the mind of 
the engineer. Part of these production limitations are 
imposed by the equipment and production possibilities 
of the automobile plant itself; others by the practice 
of industries and companies which supply certain parts 
and materials to the automobile plant. In either case 
the engineer must take production problems and possi- 
bilities into consideration in making his design. The 
relation between outside production problems and de- 
sign is important enough to merit careful consideration. 
In making designs, some engineers, of course, have taken 
cognizance of the limitations of outside production prac- 
tice to a greater extent than others, so that some phases 
of this discussion will not be new to certain designers. 
But there are probably advantages to be gained from 
closer attention to these factors in almost every in- 
stance. 

Sometimes designs, difficult of production, are made 


unconsciously, because the designer is unfamiliar with 
the limitations of practice in the industry by which the 
part must be made. In other cases an intricate design 
is consciously made to achieve a certain end. In any 
given instance, of course, it becomes necessary to judge 
whether the increased production expense of the diffi- 
cult design is compensated for by its superior qualities 
from an engineering viewpoint. 


Avoiding Difficulties 


Conversations with executives in the drop forge, die 
casting, malleable casting, steel casting, transmission, 
ignition and similar industries, however, indicate that 
excessive costs are frequently run up by the necessity 
of producing intricate designs, which might have been 
simplified or made according to stock models without 
changing the inherent nature of the piece. This dififi- 
culty probably could have been avoided in many cases 
had the advice of the related industry been sought at 
a somewhat earlier stage of the design. 

The experience of a die casting concern with a certain 
brush holder furnishes an excellent example of this. 
On this brush holder there were two round pins pro- 
jecting. These pins fitted into two holes in another 
piece, and the flat plate from which they protruded had 
to fit flush with another flat surface. Because of this 
fact, in the original design there were very sharp shoul- 
ders where the pins met the flat surface. 

Sharp shoulders of this kind cause trouble in die cast- 
ing because of the danger of cracking when the piece 
is removed from the die. It was possible to make the 
piece as originally designed, but the percentage of im- 
perfect pieces would necessarily have been rather large. 

Had it been possible to leave a fillet between the pin 
and the flat surface, the die casting operation would have 
been simple. This was impossible, however, in this case, 
since such fillets would have prevented the flat surface 
fitting flush with the other flat surface in assembling. 
The die casting engineer finally changed the design by 
recessing the flat surface at the base of the pins and 
allowing for fillets in the recesses. In this way the 
die casting operation was made possible and the assem- 
bly necessities provided for as well. 

Co-operation in this case enabled the customer not 
only to reduce his costs, but also to get a satisfactory 
and uniformly sound product day in and day out. 
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Any increased cost added to a car or truck becomes a 
serious matter at this time. The designer can profitably 
consider the possibilities for increased co-operation with 
related industries and the benefits which such co-opera- 
tion may give. He must examine, at the same time, the 
limitations which bound the extent of such co-operative 
effort. The necessity for consultation will vary with 
each engineer in inverse proportion to his previous 
knowledge of the methods and practice of related indus- 
tries. But every engineer can gain something from an 
attempt to utilize more fully the facilities offered by 
the various outside firms. 


Standard Parts 


This situation applies not only in relation to forgers 
and casters, but also in the contact between the engineer 
and the parts maker. Even the engineer, whose design- 
ing consists chiefly of collecting standard parts for as- 


sembly, is confronted with the same difficulties to some ° 


extent. A small change in a transmission part, a front 
axle or differential may give the assembled car a certain 
individuality in the eyes of the engineer, but may in- 
crease the total car cost without adding anything of 
real value from the consumers’ standpoint. 

A case in point occurred recently in connection with 
a certain shaft of a standard parts unit. The particular 
designing engineer desired to have one-sixteenth of an 
inch more machined from his shaft than was customary 
in producing the part in very large quantities for many 
other firms. The parts maker is authority for the state- 
ment that the extra machining accomplished no special 
purpose, as the weight factor involved was so minute 
as to be of no importance. 

To meet the requirements of this engineer the parts 
maker had to retool a large number of machines and 
readjust his facilities to make the change. The increased 
cost was great and naturally added to the final selling 
price of the car. 

This incident occurred during the time of peak demand 
for cars. It was not good practice then. At the present 
time several such incidents in connection with a single 
car might have serious results. 


Time for Consultation 


At what stage in the making of the design should the 
first contact be made between the engineer and, for 
example, the related industry? The case of a drop forger 
may be taken as an example. The drop forger is likely 
to feel that the contact is not made soon enough in a 
majority of cases. He has experienced difficulty many 
times when a design has been brought to him fully com- 
pleted. He has been expected to produce a forging at 
a reasonable cost, even though some small feature of the 
design renders the forging process very difficult and 
expensive. A slight change in design might simplify 
the forging process immensely. But perhaps such a 
change at this stage of the design would necessitate 
other changes in other parts with which the part under 
discussion fitted. 

Consequently, there is nothing to be done at this time 
except produce the difficult forging at a high cost, or 
change the design of other parts at a corresponding 
engineering expense. Neither alternative is thoroughly 
satisfactory to the automobile company, and friction 
with the drop forger often results. 

The related industry engineer is likely to feel, as well, 
that he is not sufficiently taken into the confidence of 
the designer as regards the full design. To give the best 
service on the part which he is to make, he needs to know 
the details concerning the parts to which it is to fit in 


the finished design, and the other factors involved in’ 
any slight change which might be desirable on the par- 
ticular piece. He often gives the best advice and assist- 
ance within his power on the basis of the data available, 
but sometimes feels that he is blamed for not giving 
better advice when he has really been asked to judge on 
the basis of insufficient data. 


Designing New Parts 


This is especially true in the case of new parts which 
have been made by the particular related industry only 
to a limited extent. As die casting has developed, for 
instance, the industry has been able each year to make 
parts which had never before been possible. The design- 
ing engineer, while he may understand die casting in 
general, is likely to fail to consider some small point 
in practice which seriously affects his finished piece, 
unless he gives the die caster full information. 

One firm recently sent for die casting a dashboard 
gasoline gage. The drawing was given to the die casting 
concern; samples were asked for; but the designer failed 
to indicate what parts of this piece had to fit with other 
pieces in assembly; what parts had to be made to ex- 
tremely close limits and on what parts a little leeway 
could be allowed. Here is what happened. 

In die casting, ejector pins are necessary to eject the 
piece from the die after casting. These pins leave a 
small mark on the metal. The die caster always places © 
these ejector pins in such a way that the mark will be 
left in a place that is not exposed or-in a place where 
‘hey can be removed without affecting the tolerances 
allowed. 

The dies for this job were made up and the sample 
castings made. Then it transpired that the ejector pins 
had been placed on the only surface of the whole piece 
which was of any importance from the standpoint of 
having to fit accurately with another piece. Conse- 
quently, the dies had to be changed and the work was 
delayed. In this case the die caster stood the expense 
of the change, but this cannot always be expected. The 
difficulty would never have arisen had the die caster . 
been given full information upon which to base his work. 

To illustrate the kind of information necessary to 
the related industry plant, if it is to render intelligent 
and efficient service to the automotive engineer, the fol- 
lowing list of questions is of interest. This list indicates 
the data which one large die casting firm considers es- 
sential when taking an order for a piece. The purpose 
of the questions is not to satisfy curiosity, but to give 
the die casting firm the data necessary to intelligent 
service. While the relative importance of the various 
items would be different in the case of forgings or cast- 
ings of other kinds, and, in the case of unit parts makers, 
the necessity for full information along the lines indi- 
cated is present in any case. The list is as follows: 


1. What-kind of surface finish will part receive when 
finished? 

2. What or where are important dimensions to be main- 
tained? 

. Where is trade mark and part number to be located? 

If machined, where is locating point? 

Method of inspection? 

Does it assemble with other parts? 

Under what conditions is part to be used? 

. Accuracy required? 

. What metal shall be used? 

10. Can we change design? 

11. Present method of manufacture? 

12. How will our castings be finished? 


Some engineers have less trouble than others, but 
certain difficulties are sufficiently common to warrant 
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serious discussion. The executives in the related indus- 
tries claim to have built up extensive engineering serv- 
ice facilities to aid the automobile engineer in the 
solution of his problems. These departments are ca- 
pable of and ready to co-operate fully with the designer. 
The designer will benefit by their services in accordance 
with his desire for assistance and the extent to which 
he will take the related industries into his entire con- 
fidence. 


The Designer’s Side 


Then there is the designer’s side of the case. He nat- 
urally approaches his task with something of an artistic 
as well as a scientific viewpoint. He may desire to make 
his design not only satisfactory from a utility point of 
view, but also possessed of a certain individuality. He 
is not always content to sacrifice this individuality to 
the easiest production methods. 

Economy of production is especially desirable, how- 
ever, in all cases, other things being equal. The designer 
should consider very carefully before sacrificing economy 
to individuality, particularly where the part in question 
is not visible in the finished product. 

One engineer, for instance, objected recently when a 
castings manufacturer was consulted about design de- 
tails. The foundryman thought only of modifying the 
design in such a way as to make it easiest to cast. He 
failed to consider the engineer’s viewpoint sufficiently. 
These two men needed a fuller consideration of each 
other’s problems. 

Moreover, the assistance given engineers by related 
industries has not always been rendered in a broad, 
unselfish manner. Some designers have found certain 
companies in related industries which would recommend 
changes in design to fit the part for production by the 
equipment of this particular company, when there was 
nothing inherent in the practice of the industry which 
would make production of the piece especially difficult. 
In other words, the advice was given with the purpose 
of modifying the design so that the particular company 
would be able to handle the order, even though it were 
not equipped to handle all classes of work in the most 
efficient manner possible. 

The possibility of this factor entering has undoubtedly 
been one important cause of the engineer’s reticence 
when discussing design with related industries. The 
degree to which this suspicion is justified varies with 
individual cases, but it has led many engineers to take 
the attitude of “Here is the design; now how much do 
you want for making the piece?” In brief, the presence 
of this factor has been largely responsible for what lack 
of co-operation still exists. 


Making a Survey 


When there is time a survey can be made. The engi- 
neer can consult with a number of firms, any one of 
which might get the final order. He can get some infor- 
mation from each one, can weigh that information in 
bulk and, by studying the results of his survey, determine 
rather accurately what are the real facts in the par- 
ticular case. 

The engineer might learn something from a skillful 
purchasing agent along this line. A purchasing agent 
for a big firm is rarely trained in the technical phases 
of the materials which he has to buy. But he listens 
carefully to the stories of the various salesmen who 
come to him; he draws from each of them what informa- 
tion he can; he learns something new every day. And 
after a while he is thoroughly capable of judging the 
relative merits of articles, the fairness of a price, or the 
production possibilities in any given case. 





June 16, 1921 


The purchasing agent is a student of human nature 
and a big user of common sense. The engineer can use 
his methods to advantage. 

The engineer can consider how far it is possible to 
eliminate disturbing factors, overcome the intervening 
difficulties and gain the decided benefits which accrue 
from increased co-operation. 


Co-operation Essential 


The attitude, honesty and breadth of business vision 
of the particular firms involved will probably decide 
the possibilities for full co-operation in any given in- 
stance. An extensive survey of the situation, however, 
indicates that the progressive firms among the related 
industries have definitely come to a realization of the 
necessity for broad and honest service on their part 
when giving advice or rendering aid through consulta- 
tion. Many of them have built up extensive research 
departments to anticipate the requirements of their cus- 
tomers, and are fully equipped to do any job that is 
within the scientific limits of the practice of their in- 
dustry. 

The trend toward better co-operation is voiced by one 
drop forge executive, who says: “The general trend 
among automotive engineers is to work more closely with 
the drop forge industry in designing important parts, 
so that difficulties can be eliminated and the best part 
for the lowest cost be produced.” And by the die casting 
producer who said recently that “when we can make 
suggestions leading to a reduction in cost of the piece 
it is to our advantage, since our percentage of profit 
is the same in any case and the reduced cost means a 
satisfied customer.” A general survey of the field indi- 
cates that the views expressed by these men are typical, 
and that the importance of intelligent cooperation is 
being more fully recognized. 

Practically all of the progressive concerns in these 
contributory industries have recognized the truth stated 
by the die casters, and engineers can undoubtedly reduce 
costs and save effort by taking advantage to the fullest 
extent of the services which these firms are ready to 
render; by co-operating more closely with them in the 
early stages of design, and by recognizing fully the vital 
relation between the design and the production problems 
cutside the automobile plant. 





Magnet Steel of High Retentivity 


N alloy steel, remarkable for its high coercive force 
A and strong residual magnetism, was discovered by 
K. Honda and H. Takagi in 1917, and was named “K.S.” 
steel after Baron K. Sumitomo, who had made a liberal 
donation to the inventors’ university. The steel, since 
improved, was first described by Honda and S. Saito 
in the “Physical Review” of December last. The compo- 
sition is in per cent, carbon 0.4 to 0.8, cobalt, 30 to 40, 
tungsten 5 to 9, chromium 1.5 to 3. The alloy is brittle, 
and the forging of it requires practice; it is best 
quenched at 950 deg. C. in oil, and requires no heat 
treatment when used for permanent magnets. The coer 
cive force is up to three times as large as that of the 
best tungsten steel, whose residual magnetism it also 
surpasses. Prolonged heating in boiling water did not 
diminish the residual magnetism of the K.S. steel. The 
hysteresis loop has a very large area. By quenching 
the annealed steel, the Brinell hardness was raised from 
444 to 652 and the Shore hardness from 38 to 55; the 
microstructure of the quenched, very hard steel is ver) 
fine. When specimens were dropped on a concrete floor 
from a height of 1 mile, the magnetization diminished 
only by 6 per cent. The K.S. steel is suited for short 
magnets. 
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Some Production Problems Which 
Influence Design 


Co-operation between the design and production departments is essential 
for economy, but design from the production standpoint only may result 


in unsatisfactory performance or excessive cost in service operations. 
Some items of design tending to facilitate production are enumerated. 


By Herbert Chase 


tween the time when the artisan was usually the 

designer of the product which he produced with 
his own hands and the present day, when the machinist 
often knows little or nothing about the design of the 
intricate device on some part of which he performs one 
or two simple operations, often with the tools themselves 
guided so that all he must do is to clamp the piece in 
the machine. The mechanic is no longer a designer, but 
to be a good designer the engineer must know, at least 
in a general way, how machines and their operators 
will best be able to produce the parts for the mechanism 
he designs. He must know also what materials are 
suited for use in the piece, not only to give it proper 
strength, but to suit it to ready machining and heat 
treatment, if this be desirable, and to render it easy of 
assembly. These, of course, are not the only limitations 
upon désign, but they are important and, of course, are 
increasingly important when quantity production is 
involved. 

Conditions which govern the relation between the 
designing or the engineering and the production depart- 
ments in different plants vary greatly, but are often 
determined by business policy and, so far as the automo- 
tive industry is concerned, plants may be roughly classi- 
fied as follows: 


(A) Plants in which the aim is to make the best 
possible product, without pecuniary consideration to 
cost. In such plants the final decision in the design 
usually rests with the engineering department, sub- 
ject, of course, to review by the executive. 

(B) Plants in which, within certain limits, lowest 
possible cost of production is the first consideration. 
In such plants the design is usually governed largely 
by the views of the production department, and the 
design may even be laid down by an engineer who 
is primarily a production man. 

(C) Plants in which price limits are necessarily 
set, but in which certain leeway is allowed the engi- 
neering department so long as these limits are not 
exceeded. In such plants the engineering and pro- 
duction departments are substantially on a par and 
of necessity work in close harmony. 

(D) Plants which merely assemble standard units. 
In such plants the engineering policy is determined 
largely by the purchasing department, which is apt 
to be guided more by the cost of the units available 


\ LONG interval of development has occurred be- 


and their effect upon salability of the assembled 
product than upon engineering considerations, so 
long, of course, as the units will go together and 
perform with reasonable satisfaction. 


In the case of plants in classes A and C, the original 
design is prepared by the engineering department after 
conference in which the executives and sales depart- 
ments determine, in a general way, type and size of vehi- 
cle or part that will meet marketing conditions. Even 
these preliminary selections may involve an engineering 
investigation before an intelligent selection of type is 
possible. The original design will naturally be such as 
to facilitate production if the engineer knows production 
methods, but will not sacrifice engineering merit to a 
marked degree in order simply to make production easier, 
so long as the unit or machine is not too difficult of 
manufacture. 

Plants in class B are of necessity controlled largely 
by the production department. Much money may be 
spent in perfecting the original design, which, when new, 
may compare favorably from an engineering standpoint 
with other up-to-date cars or parts in about the same 
class, but will be designed to minimize production costs. 
When once in production, however, changes in design 
become so expensive and affect service and other depart- 
ments to such an extent that the tendency is to postpone 
the change until competition or some other factor com- 
pels it. Tooling costs are so great and changes in factory 
layout and routine so expensive that changes in design 
become well-nigh prohibitive, hence the functions of the 
engineering department, so far as design is concerned, 
are decidedly limited. 

Since plants in class D are almost wholly dependent 
upon outside production facilities, changes in design are 
relatively easy of accomplishment, providing the pro- 
ducer of the parts or units involved are offering the 
desired equipment, while in any case the assembler is 
little affected. - 

From the foregoing it will be apparent that the effect 
upon production of design is quite different in various 
classes of plants, and it is probably quite as true that 
similar designs affect different plants in the same class 
in much different ways, for the organization, product 
and equipment are not the same in any two plants. For 
these reasons it is impossible to lay down any hard-and- 
fast rules governing the effect of design upon production 
problems, but certain rather general observations and 
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some concrete illustrations will perhaps serve to throw 
ssome light on the subject in hand, though there may be 
little that is new in what is said. 

The designer can gain much useful information by 
acquainting himself fully with the production methods 
and facilities which the plant or plants which will be 
called upon to produce the parts for the assembly he 
is to design. There is a great difference in the facility 
of production as between pieces performing the same 
purpose but produced in different ways, and the designer 
who does not know or appreciate the difference in method 
labors under a handicap himself and, to a certain extent, 
places his company at a disadvantage in respect to com- 
petitors. Again, a piece which is easily produced in 
one shop with certain facilities may involve very difficult 
production problems to a shop differently equipped, yet 
by certain more or less non-essential changes in the de- 
sign the second shop may be enabled to produce a piece 
performing the same function with equal efficacy and 
thus utilize equipment which would otherwise be idle. 

It may seem more or less trite to suggest that closer 
co-operation between the design and production depart- 
ment is desirable, yet it is not an uncommon thing for 
the engineering department to belittle the suggestions 
and problems of the production department, when a little 
time and effort spent in examining the conditions which 
the latter department has to contend with would convince 
the engineer of the desirability of the change. On the 
other hand, the production department must not overlook 
the fact that other factors beside ease of production 
should be considered in the design. As a rule, the pro- 
duction department sees but little of its product after 
it leaves the plant and is apt to think of it largely from 
the viewpoint of facility in manufacture and assembly, 
and perhaps without due regard to serviceability or ease 
of dismantling in the repair shop. As an example along 
this line we have in mind a certain assembly of gears 
used in a rear axle. The design placed in production 
involved pressing one of the gears on its shaft after 
the gear was in place in the housing, for the opening 
in the housing for the shaft was not large enough to 
pass the gear. This made an awkward assembly and 
a difficult one to dismantle. It was, therefore, suggested 
that an opening of sufficient size to pass the gear be 
provided in the shaft axis, and the cover plate be ar- 
ranged to carry the bearing. This was done, with the 
result the assembly of gears and shaft was facilitated 
and done independent of the housing, and dismantling 
was rendered unusually easy. 

In another instance the production department sug- 
gested a change in the design of a truck hub with the 
intention of facilitating its production, this change in- 
volving extension of the hub, lengthening of the live axle 
and a change in the external surface of the hub such as 
to destroy the flat, conical shape. There was no doubt 
as to the advantage of the change from the production 
standpoint, but it would have increased the overall width 
of the truck and have rendered the axle much more liable 
to injury, since the conical shape tended to cause a blow 
to glance off. Thus the change would have increased 
liability to injury and helped to increase sales resistance 
by destroying a feature of real merit. The change was 
not made, but would probably have been made had the 
production department controlled the situation. 

The ideal system is one in which the designers and 
the production men, as well as the sales and service de- 
partments, co-operate from the very start in preparing 
the design. This is well illustrated in the case of a cer- 
tain manufacturer who had been purchasing a stock 
transmission from a parts maker, but for certain reasons 
had decided to build his own transmission unit. The 


engineer did not proceed with the new design before 
conferring with other department heads, but called a con- 
ference at which the engineering, production, service, 
sales, purchasing and advertising departments were rep- 
resented. Among others, there were present men who 
specialized in the production of gears, in pattern making 
and foundry practice, in assembly of units and of the 
chassis frame units, in machining and heat treating, in 
repair, etc. Laid out on tables were the parts of the 
gearbox then in use and of other competing makes of 
gearboxes. All present were given an opportunity to 
examine these parts and then to express an opinion as 
to the general type of construction and features of design 
which they felt should be incorporated. At the direction 
of the chief engineer, who presided, a draftsman and 
stenographer made notes of the suggestions advanced. 
As a result of this conference a preliminary design was 
laid down incorporating, so far as possible, the sugges- 
tions made, and a second conference was called to criti- 
cise this design. As a result, several changes were made, 
and some experimental transmissions were then built. 
Following tests of these and the experience gained in 
the shop by making the samples, some further changes 
were made before quantity production started, but the 
final product was highly satisfactory from every stand- 
point. Furthermore, since all departments at interest 
were consulted, all were themselves sold on the job and 
knew its merits. This was an advantage, not only to 
the production, engineering and service departments, but 
to the sales and advertising departments, which more 
fully appreciated the merits and limitations of the de- 
sign, but to the purchasing department, which better 
understood the reason why certain materials must be 
had to produce the desired result. 

The foregoing procedure is not always necessary or 
desirable, but might with advantage be followed in more 
cases than at present. The procedure in some large pro- 
duction plants, in the case of a new design, is first to 
decide upon the general type and price of vehicle or 
unit to be produced, second to give the engineering de- 
partment a free hand in laying down the design, so long 
as the foregoing limits are not exceeded, and third to 
depend upon co-operation between the engineering and 
production departments for such alterations as may seem 
to be desirable from the production standpoint to facili- 
tate manufacture. If, as sometimes happens, the pro- 
duction departmert has the final decision, perhaps, in 
spite of sound engineering objection on the part of the 
designer, trouble which is expensive to remedy may re- 
sult. Other instances in which the sales department has 
been successful in over-ruling the better judgment of 
the engineering department with disastrous results can 
be recalled, but from this it should not be concluded 
that the engineering department is infallible, for it, too, 
makes mistakes and is not always unprejudiced—in fact, 
is sometimes much too arbitrary in its decisions. 

The diversity in policy and methods referred to above, 
as well as differences in organization, make it impossible, 
as indicated heretofore, to lay down hard-and-fast rules 
to govern the design as affecting production, but some 
general observations to which there will be many excep- 
tions may not be amiss. 

1. Machined faces on castings, such as cylinder blocks, 
for example, are produced most readily when these faces 
are parallel or at right angles and in as few planes as 
possible. 

2. Drilling and tapping operations are often facilitated 
when the axes of the holes are parallel and at right 
angles to a machined face opposite the joints of entry 
of the drills. 

(Continued on page 1313) 
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A New Method of Automobile Body 
Suspension 


New idea in body suspension is put forth here by Mr. Mercer. There 
are two supports on each side for connecting the body to the frame and 
the body sills are outside the frame. The design presents a new idea. 


By George J. Mercer 


body work recently because of the lack of durabil- 

ity of many jobs. The body engineers, however, 
appear to be having their day in court and are attempting 
to justify the results of their work. Their defense is 
chiefly concentrated on the fact that bodies are subjected 
to excessive strains as they are now carried on the chassis. 
They claim that the body is bound to show early deteriora- 
tion because it is thrown, bumped, twisted, and distorted 
all out of proportion to its ability to withstand such 
strains, and that limitations of weight and chassis con- 
struction usually prevent body construction sufficiently 
strong to stand up under such treatment. 

The body really is called upon to withstand greater 
strains and harder usage than any other part of the car, 
considering the limitations under which it is built. A 
body can readily be made to hold together and to perform 
properly if it is made sufficiently strong. Such construc- 
tion, however, means added weight, since the frame must 
be heavier than usual, heavier gage metal and additional 
braces must be used. 

To do this is not feasible since the ideal body, from a 
practical standpoint, is that which is built as light as 
possible, but sufficiently strong to stand up. 

As a result of these necessities the average body is 
virtually a shell or casing. It is not even a completely 
self-bracing structure, because the cutouts for windows 
and doors limit the ability of one part to brace another. 

Real progress has been made, however, in the construc- 
tion of both open and closed body types. Reduction in 


© ONSIDERABLE criticism has been directed against 


the variety of body types produced has been a material 
help in this progress, since the builder can concentrate his 
efforts for improvement without a greatly increased ex- 
penditure. Past experience has shown where the strains 
are greatest, while the improved quality of steel has aided 
development materially as well. Steel can be so easily 
worked now that it has supplanted aluminum in many 
cases. It can also be welded in such a way that the joints 
are as strong as the rest of the sheet. Thus the whole 
outer panel can be joined, although there are certain points 
at which it is better to allow the body to work out the 
strains. By joining the outer panel in this manner a 
compact self-supporting exterior is produced which ma- 
terially lengthens the life of the body. 

It is conceded that the bodies of the future will be made 
lighter and stronger than those of the past. This in- 
creased strength will probably be obtained through the 
use of interior bracing, which will make all parts support 
the strains instead of having the strains localized as is 
usually the case at present. Combination wood and steel 
bodies will continue to be made for a long time to come, 
because such bodies make for ease of manufacture and 
low initial production costs. It costs more to start in all- 
metal production, yet this type has its advantages. 

The combination body, however, can be made lighter 
than the all-metal body, and lends itself better to present 
manufacturing methods. 

The all-metal body presents certain advantages in con- 
nection with finishing not given by the combination type. 
Enameling or baking processes can be used instead of 
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FRONT VIEW 


painting. Such processes give a more durable finish to 
the body surface and can be applied in about one-tenth 
the time and space required for regular painting. These 
methods are possible also, however, with the combination 
body in some cases. The writer has built a combination 
body on which the panels were enameled and believes that 
this will be the general practice of the future. 

These statements are made, not because the writer is 
preparing to demonstrate any theories, but simply to pre- 
sent one of the methods which he believes will become 
more common as time goes on and to help establish its 
relative value in solving the chief body engineering prob- 
lem that exists to-day—body deterioration. 


~ New Body Suspension Method 


It is possible, however, to compensate for excessive 
chassis distortion by a method of body suspension differ- 
ent from that now in general use. The accompanying 
illustrations show theoretically this entirely new idea. The 
plan has been worked out by the writer on paper only, 
for the purpose of illustrating publicly a theory which 
may at least bring out a useful thought. Before any solu- 
tion of the difficulties of body panels breaking and coming 
apart at the joints, doors jamming, roofs squeaking, etc., 
can be found, the method of assembling the body on the 
frame must be taken into consideration and used as the 
starting point for the investigation. 

It is not necessary at this time to prove that the body 
is subject to distortion and jolts because of the constant 
weave of the frame when the car is in motion. This fact 
is common knowledge. An open car can absorb a great 
deal of these strains, because it is less rigid than the 
closed car. Therefore the weave does not appreciably 
shorten the life of the body, provided the body can weave 
in unison with the frame and provided the weave can be 
absorbed at points where the panels meet but are not 
welded. 

The clcsed body with a permanent roof is rigid. The 
jolts are like hammer blows administered directly on the 
body. The accompanying illustration shows one method 
of supporting the body semi-independent of the chassis 
and thus augmenting the power of the rear springs to 
absorb the shocks. 

In working out this new idea, the writer intended that 
the appearance of the car should not be materially differ- 
ent than that of the ordinary car when completed, and 
that any devices added should not appear grotesque. The 
illustrations showing the side view of the completed car, 
together with a miniature of the front, back and top, 
will indicate the degree to which he has accomplished 
his purpose. 

The side view has been utilized to show the new method 
of suspension, as has the section of the rear view. The 
two sectional views show in larger size the detail of the 
support. 

Looking first at the side view, it will be noted that 
there are two supports on each side for connecting the 
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body to the frame. The supports are indicated on the 
drawing. The front support is near the dash and is sim- 
ply a pin or socket. The pin is fastened to the frame and 
the socket to the body, so that the body can move up and 
down at the rear, rotating on the pin support at the front. 

The chief point is that the body sills are outside the 
frame, with sufficient clearance to allow the chassis frame 
to move freely up and down within the space allotted, 
without touching body sills or floorboards. As the body 
will be supported only at the ends, the weight of the 
body must be supported between these extremes. A truss 
with two turnbuckles provides this support. The truss 
rod is anchored to the irons that form the supports and 
the body frame, therefore, is an entirely self-supported 
unit. The truss is outside the chassis frame and is hid- 
den by the splasher forward of the rear mudguard. 


Assembly Advantages 


The splasher is of the type chiefly used on roadsters 
and touring models. Steps are used in place of runboards 
to simplify the assembling of the body to the chassis. 
This assembly can be accomplished simply by making 
connection at the four points. The splashers and rear 
mudguards can be put on the body before the body is 
set on the frame of the car. Thus the inconvenience of 
assembling the rear guards to the body after the body is 
mounted is avoided. The whole body, splashers, and 
rear guards can be raised above the frame and lowered 
until the pins can be slipped into place. Then the front 
guards can be connected to the splasher and the car is 
complete. During the entire operation the truss is ac- 
cessible for the purpose of adjusting the door openings. 

The enlarged side view shows the body supported on an 
arm that in turn is supported at the rear to a movable 
linkage to the frame. At the front it rests on a spiral 
spring, that in turn is supported at the bottom from the 
body. Opposite the spring at the top is a rubber bumper. 
When the chassis is forced or thrown quickly upward, the 
movement instead of being transmitted to the body as a 
shock will communicate its force to the end of the arm 
supporting the body at the point where it it attached. 
This will throw the forward end of the arm down at the 
front against the spring, and as the spring action is 
quickly responsive, the result will be that the upward 
throw of the chassis frame will simply register on the 
spring, and the body being supported at the center of the 
arm movement, remains fairly stationary during a vigor- 
ous oscillating action of the chassis. 

The principal function of this compensating device is 
to provide for the upward thrust of the frame. When 
riding level there will be no action different than with the 
average car. When the one side of the car drops into a 
deep hole, naturally the side of the body will follow, be- 
cause it is tied together. The rubber bumper will help a 
trifle, however, and the action will certainly be easier 
than when the body is bolted tight to the frame. But as 
stated before, the device is primarily to absorb the sudden 
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up jolts, by permitting the frame to rise without taking 
the body with it. And since the action is one way, there 
will not be an added oscillation to the body when condi- 
tions are normal. 


The Cost Phase 


In determining the practicability of any new design, 
the question of cost is always important. It is fair that 
the design should be examined from the cost as well as 
the engineering standpoint. Viewing this new idea from 
the cost angle, several definite points appear. The chief 
factor in the new design tending to increase cost is the 
expense of truss and forgings at back and front. These 
parts must be real safety appliances. Steel castings would 
probably be the best material for combining the requisite 
strength with reasonable cheapness. 

Several points in regard to the production, however, 
tend to offset the increased cost mentioned. These may 
be listed as follows: 

1. Saving in mounting body on frame. Guards and 
splashers can be put on before body is mounted. 

2. Saving of time, labor, and material in putting on 
neversqueak material and bolts. 

3. Saving of trouble which often occurs when bolts 
pull body out of true and doors will not work. 
In such cases the bolts have to be loosened, the 
body shimmed up, and tried out for door clearance. 

4. Greater ease in riding in rear seat increases the 
life of body, because body does not register all 
road bumps. 

A fair comparison of costs, considering as factors the 
increased life of the body and the elimination of many 
customers’ kicks, will show that the first cost of adding 
this or some similar device will not be prohibitive in any 
sense. Moreover, this initial cost will be so nearly bal- 
anced by the cost of the parts displaced and the time 
saved that cost will not be a factor in determining its 
adoption, once its effectiveness has been demonstrated. 

The tentative plan suggested is not to be confused with 
something that has been tried out and tested. It cannot 
be referred to, therefore, as something that definitely will 
alleviate the problem that has brought the idea to the 
writer. 

This design is set forward merely as the outcome of 




















thought expended in trying to find some way of improving 
the form of body suspension in use. The idea of having 
the body suspended and of allowing a semi-swinging mo- 
tion for body play is based on the idea in use on old car- 
riage construction. There the body was suspended from 
straps. Cumbersome as this form of suspension appears, 
it made a wonderfully easy riding coach, and the adop- 
tion of steel springs seldom if ever were as easy for the 
passenger as the straps that they superseded. Therefore 
with this idea in mind as the basis for a plan, the writer 
has approached the subject with the result above illus- 
trated. The idea is presented with the purpose of start- 
ing on the first lap of investigation designed to clean up 
mooted body questions that have remained too long in the 
background, simply because other matters more vital to 
the life of the car had to be settled first. Too often those 
in charge of the body department in car factories are not 
practical men in the sense of having had body experi- 
ence. This is so because the bodies are more often than 
not made outside the factory by contractors and the fac- 
tory body man is frequently an executive who arranges 
for the quantity and price, relying on the contractor for 
the practical part of the work. Under this plan, the fac- 
tory representative is really a production man rather than 
an engineer. Therefore it has taken time to arrive at the 
stage of putting the spotlight on body troubles and treat- 
ing them from an engineering point of view and of trying 
to eliminate the difficulties at the source. 





German Car Prices Rise 


NCREASES ranging from 125 to 130 per cent were 

made in the prices of passenger automobiles in 1920 
in Germany. According to information furnished by the 
Deutsche Automobilhaendlerverband (German Associa- 
tion of Automobile Dealers) of Berlin, and forwarded to 
the Bureau of Foreign and Domestic Commerce by How- 
ard W. Adams, Berlin, American representative of the 
Department of Commerce, the prices, in marks, of automo- 
biles in Germany for 1920 were as follows: 


5 Horsepower 10Horsepower 16 Horsepower 


Jan. 10.. 18,000 32,000 41,000 
Feb. 11.. 31,500 56,000 71,750 
May 1.. 89,375 70,000 89,687 
June 11. 40,000 75,000 95,000 
Sept. 3. 37,500 70,000 89,000 
Dec. 21. 40,000 77,000 92,000 


The figures in the foregoing table represent the mini- 
mum domestic prices as furnished the Federal Depart- 
ment of Export Control in application for export permits. 
These prices apply to new passenger automobiles of aver- 
age grade. The finer grade passenger automobiles com- 
manded prices relatively higher than those indicated. 


The 1920 prices for motor trucks also showed sharp in- 
creases, practically the same as those for passenger cars, 
but not so great from a percentage basis because of the 
higher bases applying at the first of the year. Prices of 
motor trucks were as follows, there being a drop begin- 
ning in September: 


2-ton 3-ton 4-ton 
wet BOs co soscvadeveas 60,000 70,000 75,000 
NGM OR oot ds cadaweiaes 80,000 88,000 93,000 
ROME scRarwewennwaaa 120,000 130,000 140,000 
QUMERN 2654s dcecawans 120,000 130,000 140,000 
CE aad sadeu adieu 102,000 112,000 122,000 
NO BES ads wadseweewne 102,000 112,000 122,000 


There was a much greater fluctuation in the prices of 
used cars, both passenger and trucks, during 1920. The 
heavy increases in the prices of passenger automobiles 
was not so much the result of the generally enhanced cost 
of labor and materials as it was the effect of the new tax 
on turnover of Dec. 24, 1919, which went into effect on 
Jan. 1, 1920. This measure carries with it a tax of 15 
per cent upon certain articles of luxury, including pas- 
senger automobiles. 
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Problems and Possibilities of the 
Aluminum Piston 


The aluminum piston has been rather widely adopted both in America 


and England for automobile work. 


It played an important part in air- 


plane engine development. Its various advantages and limitations are 


discussed here in detail by an eminent authority on this subject. 


By Dr. Walter Rosenhain, F.R.S. 


HAT the aluminum piston played a very important 
part in the development of the airplane engine 
during the war is an undoubted fact. Whether it 

will attain—or retain—an equally important place in au- 
tomobile engines remains for the future to prove, but it is 
undoubtedly being widely adopted both in England and 
America. That there are very wide differences between 
the airplane engine and the automobile engine is, of 
course, fully recognized, and the question arises whether 
these differences seriously affect the value of the aluminum 
piston for the latter purpose. We can form some opinion 
upon that question by considering the various factors 
which determine the utility of the light alloy piston in all 
types of engine. 

At first sight, the value of a piston made of a light 
alloy of aluminum would appear to reside in this very 
fact of lightness; a saving of weight in any part of an 
engine, whether for service in the air or on the road, 
would seem to be valuable, and particularly so in a fast 
moving, reciprocating part. Yet in aero engine practice, 
saving of weight by the use of light alloy pistons has 
always been a minor consideration. Actually, the alloys 
used have always been regarded as very considerably 
weaker than cast iron, and the sections of the piston cast- 
ings as used for cast iron have always been considerably 
increased when that material has been replaced by an alu- 
minum alloy, with the result that the aluminum piston 
has often been quite as heavy as the iron one which it 
has replaced. Thus one possible advantage of the alu- 
minum alloy piston has been deliberately sacrificed, and 
in the case of the modern alloys, which attain a strength 
quite comparable with that of cast iron even at the work- 
ing temperature of the piston, such a sacrifice has Leen 
very largely unnecessary from the point of view of 
strength and stiffness. It has, however, had a counter- 
vailing advantage from a point of view next to be dis- 
cussed. 


Heat Conductivity, Not Weight, the Prime Advantage 


The real advantage to be derived from the use of an 
aluminum alloy piston undoubtedly resides in the fact 
that these alloys possess a very much higher power of 
conducting heat than cast iron. If such units are chosen 
that the thermal conductivity of cast iron stands at 11, 
that of pure aluminum is 52, while most of the alloys 
which have been used for pistons have a thermal conduc- 
tivity in the neighborhood of 40, or nearly four times that 
of cast iron or steel. A piston having a given cross sec- 
tional area in those parts which serve to conduct away 
the heat will therefore carry away approximately four 
times as much heat if made of an aluminum alloy than if 


made of iron. Further, if the section of the piston is in- 
creased so as to bring the weight approximately up to 
that of an iron one, this capacity for conducting away 
heat may be further multiplied by 2 or 2.5. This power 
of increased cooling of the combustion space has proved 
extremely valuable in the aeroplane engine. There the 
power output of a unit of given weight was limited, in 
one direction, by the amount of compression to which the 
explosive mixture in the cylinder could be exposed before 
ignition. This admissible compression ratio depends upon 
the temperature which the compressed gases attain, since 
too high a temperature leads to preignition. Thanks to 
the cooling effect of the aluminum alloy pistons, it be- 
came possible to increase the compression ratios of the 
engines without risk of preignition, thus producing a 
very marked increase in power, running in some cases up: 
to something like 20 per cent and at the same time effect- 
ing a decrease in fuel consumption per horsepower hour. 
The actual difference in temperature which gave rise to 
these results has been estimated in various ways—since 
direct measurement of the temperature of the head of a 
working piston is by no means easy. Two estimates ob- 
tained in very different ways, however, both lead to a 
similar figure,—viz., that the head of an aluminum piston 
of good design never rises much above a temperature of 
450 deg. Cent., while in a cast iron piston in the same 
type of engine temperatures of 450 deg. Cent. may be 
exceeded. 


Advantages and Disadvantages of Aluminum Pistons 


In the airplane engine, where the highest possible efti- 
ciency, not only in regard to fuel consumption, but more 
especially in power output per unit of weight, is of su- 
preme importance, there could be no doubt of the very 
great value of the advantages to be gained by the use of 
the light alloy piston. For the automobile engine, how- 
ever, conditions are distinctly different and other factors 
enter largely into the problem. Yet here, too, engine effi- 
ciency both in regard to weight and to fuel consumption 
is of considerable importance, and is likely to be increas- 
ingly so in the future. There is, further, the undoubted 
fact that it is better for an engine in every way if the 
temperature of the combustion head can be kept down. 
This is particularly so in the case of air cooled engines, 
but even when there is water cooling, such matters as 
lubrication and others are favorably affected by keeping 
down the temperature. The aluminum alloy piston, there- 
fore, has a certain definite advantage even in the auto- 
mobile engine, and the only question which can affect its 
widespread adoption is whether the disadvantages which 
may attach to it outweigh the gain. This is, necessarily, 
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a matter for the individual judgment of each designer 
and one upon which actual service experience must be con- 
sulted before final judgment can be given. All that can 
be done here is to state briefly some of the factors of the 
problem. 

Probably the most serious disadvantage of the alumi- 
num alloys from the point of view of their use as pistons 
is their relatively high coefficient of thermal exparsion. 
The various alloys which have been used or advocated for 
pistons do not differ very much from one another in this 
respect, the coefficient of expansion lying in all of them 
in the neighborhood of 0.000023 per deg. Cent., as com- 
pared with 0.000010 for iron or steel. The aluminum pis- 
ton, for a given rise in temperature, will therefore ex- 
pand about two and a half times as much as one made of 
iron, but—it must be remembered—under similar work- 
ing conditions, the light alloy piston will not get nearly 
so hot. If we accept the maximum working temperatures 
mentioned above—250 deg. Cent. and 450 deg. Cent.—it 
will be seen that the actual expansion of the hottest parts 
of the two pistons will not be very different—the expan- 
sion of the aluminum alloy piston head being, perhaps, 
50 per cent greater than that of the iron one. In view of 
the fact that these expansions are themselves extremely 
small, this difference does not amount to very much. It 
does, of course, demand a slightly greater clearance allow- 
ance between piston and cylinder when cold, and this is 
sometimes objected to on the ground of causing “piston 
slap” when the engine is started from cold. Even this, 
however, can be very considerably reduced by a device 
which takes account of the fact that the lower or “skirt” 
end of the piston is always very much cooler than the 
head when the engine is working. It is, therefore, pos- 
sible to make the initial clearance (when cold) between 
the piston and cylinder distinctly smaller at the skirt end 
of the piston. This closer fit of the piston skirt tends to 
prevent “slap” to a very considerable extent. 


Heat Treatment for Aluminum Pistons 


It may be objected at this point that in practice it has 
been found necessary to allow much larger initial clear- 
ances with aluminum pistons as compared with those 
made of iron or steel than the above remarks would sug- 
gest. This kind of experience, however, is really the re- 
sult of employing aluminum alloy castings for pistons 
without proper previous treatment. Such thin walled 
hollow castings of light alloys, owing to their high shrink- 
age and high thermal expansion, are often very consider- 
ably stressed internally when taken from the mold. Even 
during machining they sometimes show signs of slight 
distortion when the outer layers are removed. When a 
casting in this condition is put into an engine and ex- 
posed to heat and vibration, there is a great tendency 
for a further release of stress to occur, with resulting 
distortion of the piston. This is not to be confused with 
what is often spoken of as “growth” of such castings; 
here there is no real growth at all, but merely a slight 
change of shape resulting from the release of internal 
stresses. Yet such slight distortion, perhaps rendering 
the piston slightly oval instead of circular in section, will 
make the piston much too tight in the cylinder unless ex- 
cessive initial clearance has been allowed. Fortunately, 
there is a simple remedy for this difficulty: If the cast- 
ings, before being machined, are “annealed” by simply 
heating them up to a temperature a little above 400 deg. 
Cent. (but not above 450 deg. Cent.), followed by moder- 
ately slow cooling, then such subsequent distortion can- 
not occur and much smaller clearances can be safely em- 
ployed. This preliminary annealing or baking also takes 
care of the very small amount of real “growth” which 
may occur in some of the alloys. Only where the alloy 
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has been previously hardened by heat treatment does it 
become undesirable to employ so high a “baking” tempera- 
ture as that suggested above. In that case a baking or 
“tempering” for several hours at 250 deg. Cent. is advis- 
able and satisfactory. 

The next point to be considered in regard to the use 
of aluminum alloys for pistons is their strength, particu- 
larly when hot. The very fact that such pistons have been 
successfully used in aero engines during the war serves 
to prove that their strength under working conditions is 
sufficient for the purpose. Nene the less, it is interest- 
ing to examine the question of strength rather more 
closely, since it has been suggested above that, with the 
best of the alloys now available, the strength at the work- 
ing temperature is so good that the pistons could safely 
be made much lighter than is the present practice. When 
we look at the records of strength tests made on various 
piston alloys, particularly at high temperatures, it is sur- 
prising that such material should have stood up as well 
as it has done to the exacting conditions of piston service 
in a high speed, high duty aeronautical engine. 


Alloys Used for Piston Castings 


A very large number of such pistons were made, dur- 
ing the war, of an alloy containing 12 per cent of copper, 
the remainder being aluminum and impurities. At the 
ordinary temperature, this alloy in the form of a chill 
cast bar gives a tensile strength of rather less than 
22,500 lb. per sq. in., and at 250 deg. Cent. this has fallen 
to less than 8000 lb. Even this compares favorably with 
the usual casting alloy containing about 13 per cent of 
zinc and 2.5 per cent of copper, which at the ordinary 
temperature registers a tensile strength of 15,000 Ib. per 
sq. in., but falls, at 250 deg. Cent., as low as 4800 lb. 
This latter alloy, like all those containing any consider- 
able proportion of zinc, is thus entirely unsuited for use 
in pistons, although—curiously enough—some German 
airplane engine pistons were found to contain about 9 
per cent. of zinc. Investigation into the properties of 
aluminum alloys at high temperatures, however, soon led 
to the improvement of the alloys. A first step consisted 
in the introduction of manganese. An alloy containing 
14 per cent of copper and 1 per cent of manganese was 
found to possess a very remarkable property. Its tensile 
strength at the ordinary temperature was about 10,000 Ib. 
per sq. in., but while in all other aluminum alloys the 
strength falls off with temperature, in this alloy it was 
found to rise up to a maximum which was reached in the 
neighborhood of 250 deg. Cent., where this alloy gave a 
test of 11,000 lb. per sq. in. This alloy, however, un- 
doubtedly suffers from too high a content of copper, and 
the stiffening effect of nickel was next studied. Finally, 
an alloy was evolved which contains 4 per cent of copper, 
2 per cent of nickel and 1.5 per cent of magnesium, which 
in the chill cast condition shows a tensile strength of over 
15,000 lb. per sq. in., and at 250 deg. Cent. still maintains 
a strength of 13,500 lb. per sq. in. More recently, by zpe- 
cial heat treatment, the strength of this alloy has been 
increased to a very marked degree, and its future use for 
pistons is strongly indicated. It is, however, an alloy 
which undoubtedly requires special care in its prepara- 
tion, but the difficulties are no greater than those inherent 
in the adoption of any new type of alloy, and they have 
been successfully overcome by aluminum founders on quite 
a large scale. Given a material of this order of strength 
at the working temperature, there would appear to be 
no reason, from the strength point of view, why the light 
alloy piston should be made of greater section at any 
point than that which serves well in cast iron. On the 
other hand, although adherence to the scantlings adopted 
with cast iron pistons will result in an appreciable saving 
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of weight, it will to that extent also lessen the power of 
the piston to conduct away heat from the combustion 
space. Curiously enough, it would seem that in the air- 
plane engine the heat conducting power is of greater im- 
portance than a saving of weight. In the automobile 
engine, where compression ratios need not be pushed to 
the extreme, on the contrary, it is probable that a saving 
in weight of the pistons, by lessening the inertia stresses 
and generally reducing vibration, may offer greater ad- 
vantages than the additional cooling power of a piston 
with thicker walls. Whichever side of this balance of ad- 
vantages be taken as greater, it is obvious that the de- 
sign of the piston itself should be carefully considered, 
not merely from the point of view of strength, but also 
from that of heat conduction. Wall thicknesses should be 
proportioned so as to correspond, at each point, with the 
quantity of heat which has to be conducted away, and a 
thickening of the piston walls, as a compensation fcr a 
removal or reduction in the size of the customary internal 
ribs, would seem desirable. Another important point, also, 
in regard to piston design is that the inner surface of the 
piston head should not be “pocketed’”—i.e., it should be 
exposed as freely and directly as possible to cooling by 
splashing oil. There is also a further factor of design to 
be borne in mind, and that is facility of casting. Pistons 
should, wherever possible, be cast in chill (iron) molds 
with chill cores. These latter it is necessary to remove 
at the right moment as soon as the casting has “set,” 
ctherwise the contraction of the casting is liable to make 
it bind on the core and to split during cooling. The in- 
terior of the piston should therefore be so designed that a 
metal core made in two or three simple parts can be 
easily and quickly withdrawn when desired. 


Shrinkage and Other Factors in Casting 


As in other light alloy castings, defects are not un- 
known in the case of pistons cast in these materials. It 
was thought at one time that different aluminum alloys 
possess widely different degrees of shrinkage during 
solidification, but careful measurement has shown that this 
is not the case even in widely different alloys. In all of 
them, however, shrinkage is considerable and must be 
allowed for in making the castings. The necessity of 
removing a metal core at the right moment has already 
been indicated. Further, care is required to secure the 
solidification of the casting in the proper sequence. If 
thicker parts are connected together by thinner ones, pro- 
vision must be made for “feeding” these thicker parts 
with liquid metal from some “gate” or “riser.” If this 
is not done, the metal—still partly liquid—which has 
filled these thicker spaces in the mold becomes cut off 
from the rest by the earlier freezing of the adjacent 
thinner parts, and the subsequent contraction of the 
thicker, portions leads to what is known as a “draw”’—in 
reality a shrinkage cavity which is frequently distributed 
over a certain region in the form of sponginess. Piston 
castings containing such “drawn” places are very apt 
to be seriously porous. It is, accordingly, sound practice 
to subject piston castings to hydraulic pressure test be- 
fore putting them into service. If a spongy “drawn” 
place should become exposed to the explosion gases, the 
piston is very likely to be damaged by erosion, the hot 
gases under pressure being forced into the pores and then 
rushing out again as the pressure in the cylinder falls. 

At one time it was thought that the occasional failure 
of aluminum alloy pistons by what is known as “burning” 
could be ascribed to the existence of spongy places. Fuller 
experience, however, has shown that such “burning” can 
occur with perfectly sound pistons. In the great major- 
ity of cases such burning arises from defective lubrication 
teading to local heating. On the other hand, it seems 


probable that in some cases, at all events, the relatively 
very weak nature of the alloys used for piston castings 
is in reality to be blamed for these failures. Owing to 
the very soft, weak state of some of these metals at the 
working temperatures, particles become loosened on the 
heated surface. These are exposed to the flame of the 
explosion on all sides and are melted at the edges, thus 
giving rise to the idea that the burning of the piston is 
due to partial local melting of the more fusible constituent 
of the alloy (the aluminum-copper eutectic). Actually, the 
body of the piston does not approach the temperature 
required to melt this eutectic by several hundred degrees. 
At all events, where the very much stronger alloys now 
available are employed, this cause of “burning” will be 
eliminated. 


Piston Pin Bushes and Piston Rings 


There are two other points connected with the alumi- 
num alloy piston which deserve mention here; these re- 
late respectively to the piston pin bushes or bearings and 
to the piston rings. Taking the latter first, the usual 
practice hitherto has been to employ the ordinary cast 
iron ring with the light alloy piston, and this combination 
has worked satisfactorily. It has been suggested that 
the presence of these relatively poorly conducting rings 
between the piston and the cylinder lessens the flow of 
heat from the one to the other. This may be true to a 
very slight extent, but the greater part of the heat flow 
must take place through the broad surface of the piston 
skirt which takes its bearing upon the cylinder wall on 
the side toward which the piston is pressed by the 
obliquity of the thrust of the connecting rod. A realiza- 
tion of this fact suggests the importance of making this 
surface large enough—i.e., of not making the piston 1s a 
whole too short. Very short pistons have failed, not only 
because they did not produce efficient cooling but also be- 
cause the bearing pressure against the cylinder wall be- 
came too high. Where this error is avoided, however, 
the aluminum alloy piston works extremely well in a cast 
iron or steel cylinder. An attempt has been made to 
use an aluminum piston in a cylinder of a similar light 
alloy, but although a certain degree of success has been 
claimed, no serious attempt to introduce such a construc- 
tion into engine practice has yet been made. Reverting 
to the question of piston rings, however, there is a cer- 
tain objection to the use of the iron rings, since their 
greater density causes them to “hammer” upon the walls 
of the grooves in the piston. In the course of time this 
action tends to widen the grooves, which successively in- 
tensifies the evil by allowing greater amplitude of motion 
to the rings. A curious metallic, ringing sound is some- 
times heard from an engine in this condition. The use 
of light alloy piston rings has therefore been suggested, 
but no serious amount of experience with these is yet 
available, the main doubt being whether they would sat- 
isfactorily retain the requisite “spring” to maintain a 
gas tight joint with the cylinder. 

Finally, the manner in which the piston pin is to be 
carried in the light alloy piston remains to be considered. 
A good deal depends upon whether the pin is to remain 
fixed in the piston, the rocking motion to be taken by 
the “small end” bearing of the connecting rod, or whether 
the pin is to “float”—i.e., to be free to rotate relatively to 
either the piston or the connecting rod. In the majority 
of aero engines the latter state of affairs prevails, and 
for that purpose the aluminum alloy piston is generally 
provided with a cast iron bush which is inserted in one 
of two ways: it is either “cast in” or screwed in. The 
latter method requires no comment, but it must %« Yorne 
in mind that a tight screwed fit when cold is ‘ike! 

(Continued on page 13 
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Engineering Analysis of European 
Four Wheel Brakes 


The four-wheel braking system is making great progress in Europe and 


the results achieved are worthy of serious attention from American Engi- 
neers. This article discusses the engineering features of the chief types 


and presents the results of tests recently made. Uniformity in size noted. 


By W. F. Bradley and S. Gerster 


LTHOUGH brakes on the rear wheels, or on the rear 
A wheels and transmission, are to be found on the 
vast majority of automobiles, the front wheel 
braking system is making such progress, particularly in 
Europe, as to be worthy the close attention of all Amer- 
ican engineers. The movement is not at all new, for at 
various intervals during the last twenty years more or 
less spasmodic efforts have been made to introduce four- 
wheel braking. The last time any effort was made to 
promote the use of four-wheel brakes was about 1910, 
when the Allen-Liversedge brakes appeared in England 
and the French engineer Perrot produced the Argyll 
chassis with brakes on all four wheels. 
The present revival, which dates from the Armistice, 
differs from the others by 
reason of the fact that the 


be specially laid out for the extra stresses involved by 
reason of the braking effort, and numerous additional parts 
are required, this adding from $200 to $300 per chassis to 
production costs. It should be observed that up to the 
present four-wheel brakes have only been applied, in Eu- 
rope, to high grade and costly automobiles, to which this 
additional production cost could be added without any great 
inconvenience. The full list of those actually in produc- 
tion on cars with four-wheel brakes is as follows: Delage, 
Darracq, Hispano-Suiza, Bellanger, Excelsior, Metallur- 
gique, Piccard-Pictet, Isotta-Fraschini, Elizalde, all of 
these being high grade jobs. Delage, however, is now lay- 
ing out a popular 10-hp. model, to be sold at a competitive 
price, to which front wheel brakes will be applied. This 
will be the first small car 

\° to be produced with this 





four-wheel braking sys- 


braking system. There is 





tems are perfectly satisfac- 
tory. It cannot be denied 
that the Perrot system as 





every reason to believe that 
next year other builders of 
small and medium cars will 





used notably by Delage, 
Hispano-Suiza and Dar- 


take up this feature. A 
development of some im- 





racq, as well as the Isotta- 
Fraschini system, gives 





portance is that dealers, 
and particularly those with 











perfect results from the 
standpoint of the user and 














racing experience, now un- 
ij dertake to transform cars 
L 





are infinitely superior to 
the best brakes on rear 
wheels and transmission. 
The fears that exist in the minds of certain motorists, and 
which are shared to some extent by engineers, that four- 
wheel braking systems require delicate adjustment and 
are apt to interfere with steering are absolutely un- 
founded. It has been proved over and over again that 
when properly laid out these braking systems require no 
more attention and are no more delicate than any others. 


Faculty of Adjustment 


The cars with a four-wheel braking system are far 
above the average in the facility of adjustment. This, of 
course, is not due to the fact that brakes are placed on all 
the wheels, but because the complete design has. been 
brought up to date and adjustment features have been 
given serious attention. As an example, Delage last year 
made a demonstration run of 3200 miles in six consecutive 
days, running in daylight only without a change of driver, 
and the total time for adjusting brakes and taking up wear 
was less than four minutes, and on no occasion was it nec- 
essary to use tools. 

The only serious objection that can be made against 
four-wheel brakes is their extra cost. The front axle must 


Fig. 1—Diagram of forces and reactions in braking. 


=| before delivering them to 
clients, by adding front 
wheel brakes. This modifi- 
cation is undertaken with the Perrot system, and in every 
case the front axle is changed. 


Center of Gravity 


The power of rear wheel brakes decreases as the wheel- 
base is shortened, as the center of gravity is raised, and 
as this centre is moved toward the front axle. The maxi- 
mum braking effort obtainable with a car having brakes 
on all four wheels is found by the equation (1): 


RXlXp 


L+ (LXhXp) 
This formula has been drawn up in accordance with Fig. 
1, in which G is the centre of gravity; R the weight of 
the car; h the height of the centre of gravity; 1 the dis- 
tance of the centre of gravity from the front axle; LZ the 
wheelbase; » the coefficient of friction, and Q the weight 
on the rear axle. Equation (1) is the result of the two 
equations of equilibrium: : 


P= Qnandg === 








—PX h* 





*See footnote on next page. 
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| on the supposition that the mass 
pivots around the point of contact 
of the front - wheels with the 
ground. 

By applying this formula it is 
seen that when the brakes are ap- 
plied on the rear wheels only the 
rear axle is relieved of some of its 
load, which is transferred to the 
front axle. It is this transfer of 
weight from the rear to the front, 
when braking on the rear axle only, 
which is the cause of rear wheel 
skids with which every driver is 
familiar. This is so well known 
that skilled drivers frequently make 
use of the brakes to start a skid 
which will enable them to make a 
quicker turn than is possible with 
the steering wheel only. 


Tests 


When braking simultaneously on 
all four wheels, an effort can be 
obtained equal to the weight of the 
car multiplied by the coefficient of 
friction, this being the maximum 
retarding force. Taking a specific 
case of a car weighing 3306 lb., of 
which 1980 lb. on the rear axle, 
Perrot has calculated that the re- 
sults shown in Table 1 would be 
obtained with rear wheel brakes 
only and with brakes on all four 
wheels. 

It is interesting to compare these 
theoretical figures with the practi- 
cal results obtained by the writer 
on a Darracq eight-cylinder car 
fitted with Perrot front wheel 
brakes. This was a chassis picked 
haphazard out of the shops and 
driven by a mechanic who had not 
been through any special training 
in the use of front wheel brakes. 

With its loaded test body and 
two men aboard the weights were 
2204 lb. on the front axle and 2623 
Ib. on the rear axle. Tests were 
Fig. 2—4—Brake connection layouts on Bellanger, Excelsior made on an ordinary macadam 

and Delage. road, on two different days, the first 
being very wet and the second being 
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Table I Distance covered, Distance covered, Table II—Darracq Tests 
Rear wheel brakes Four wheel brakes 
Benes. .ccixins<e 3.5 feet 2.1 feet Four wheel brakes, ra 
20 miles .......-- 33.0 feet 19.0 feet Distance covered Conditions 
25 miles ........- 57.0 feet 35.0 feet 20 miles. ......... 28.4 feet Dry Tarmac road 
40 miles ......... 173.0 feet 102.0 feet 30 miles: ......... 40.0 feet Dry Tarmac road 
50 miles ......... 229.0 feet 137.0 feet 30 mlies ......... ‘54.6 feet Dry macadam 
DD Snes 01cwidsess 355.0 feet 210.0 feet cl 65.6 feet Wet macadam 
a F Sake thi ak de re 105.0 feet Dry macadam 
—_— h h s 
"ie pRReeenS PREP bats ExT —<—. a BO VWMAUEE. 6.5.66 6004% 108.0 feet Dry Tarmac road 
er. Ce BO OBNGS 60:66:56.6 98.4 feet Wet macadam 
The first term of the right hand side evidently represents the weight ee 187.7 feet Dry macadam 
on the rear wheels with the car at rest and the second term the 50 mil 147.6 feet Wet d 
amount. of -weight transferred from the rear to the front wheels by MCS seeeeeess : ce et macadam 
the rear wheel braking action. The chassis may then be considered 60 miles ......... 229.6 feet Dry macadam 


fulcrumed around the line of rear wheel ground contact and the 6(Q miles 
moment of the inertia force around this line is Ph. This moment is 
balanced by the moment of the weight transferred to the front wheels 
whose distance from the line is L. , Hence, if we call the transferred Rear wheel brakes only 


€ 
weight w, we have wL = Ph, and w = h 


sai Biers 239.5 feet Wet macadam 





. nee | PTET 122.9: feet Dry macadam 
contns is as — The wae Lohmesunae? connot Ms czpcceed. by | a 242.7 feet Dry macadam 
Ph, because this is a moment expressed in pound-feet, and not a ° 
weight. To be made a weight this must be divided by a length 50 miles ......... 319.8 feet Dry macadam 


again.—EDIToR. SOSE s0issaeve 429.7 feet Dry macadam 
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quite dry. On the dry day some 
tests were also made on a Tarmac 
type road, when it was found that 
quicker stops could be made up to 
35 m.p.h., but beyond this speed the 
car could be stopped in a shorter 
distance on ordinary macadam. 
With the same chassis and on the 
same road, tests were made with 
the rear wheel brakes only with 
the results in Table II. The Dar- 
racq used for these tests has steel- 
lined aluminum drums of 16 in. di- 
ameter, with Ferodo lined shoes of 
2 in. face width. 

The figures were obtained by 
running the car at the required 
speed and dropping a _ sandbag 
overboard at the moment the signal 
was given to the driver to stop. 
The distance was measured from 
the point when the sandbag hit the 
ground (care being taken to see 
that the bag did not slide on the 
road) to the centre of the chassis. 
At high speeds it was rather diffi- 
cult to obtain coordination between 
the dropping of the bag and the ap- 
plying of the brakes, and several 
tests were made when this was in 
any doubt. It is obvious that these 
figures could be improved on, if 
desired, but their value lies in the 
fact that they are quite normal and 
represent the distances in which 
any driver could pull up with a car 
of this weight and this brake equip- 
ment. 

It is interesting to examine these 
practical tests from a theoretical 
standpoint, calculating the distance 
in which the car can be stopped by 
the formula. 

Distance required to stop: 


rr 
L. = 0.00393 —— 
F 


and taking as the coefficient of ad- 
herence of the wheels to the road 
0.60. The comparative results are 
shown in Table 3. 


Theoretical and Practical Relation 


It will be observed that in the 
case of brakes on all four wheels 
there is very little difference be- 
tween the theoretical figures and 
those obtained by the practical test. 
In the case of rear wheel brakes 
only the difference is greater, 
theory showing a much shorter 
stopping distance than is obtained 
in practice. This is due to the fact 
that when brakes are applied on 
the rear wheels, a portion of the 
weight on the rear axle is trans- 
ferred to the front axle, and this 
reduction of weight on the rear is 


not taken into consideration in the calculations as usually 


made. 
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Figs. 5-8—Brake connection layouts on the Darracq, Hispano-Suiza, Isotta-Fraschini 
and Metallurgique. In each case there is one pedal and one brake lever. 


ance than the above, and the following figures have been 
published as actual performance results for a hydraulic 


Claims have been made for considerably better perform- four-wheel braking system: ~~. « - 















































Fig. 9—Front Wheel brake of Dufour 
truck (1904). 


Speed Stopping d stance 
15 miles 9 feet 
20 miles 16 feet 
30 miles 36 feet 
40 miles 64 feet 
60 miles 144 feet 


An examination shows that these are not performance 
but theoretical figures, for in every case from 15 to 60 
miles an hour the coefficient of adherence is found to be 
0.834. Obviously the coefficient of adherence is not abso- 
lutely uniform in any series of practical tests over a wide 
range of speeds. Further, the coefficient adopted is too 
high, 0.6 being a much more reasonable figure than 0.834. 
Figures such as these are harmful by reason of the wrong 
impression they convey regarding the value of four-wheel 
brakes. 

On all cars built in Europe the brakes are applied simul- 
taneously on the front and rear. There is no attempt to 
apply the rear wheel brakes ahead of the front wheel 
brakes, nor has any such arrangement been found neces- 
sary in practice. The only exception to the above is the 
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Fig. 11—OGetage brake with cam above axle 
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Fig. 10—Scat front wheel brake of 1910 showing inclined steering 


pivot. 


Bellanger, Fig. 2, on which car the front and the transmis- 
sion brakes are applied simultaneously by the pedal, and 
the rear wheel brakes are operated by side lever. Before 
the war Isotta-Fraschini had independent control of front 
and rear wheel brakes, the side lever being for the front 
and pedal for the rear. In practice the arrangement was 
not good, and the latest type Isotta-Fraschini brakes simul- 
taneously on all four wheels. Various systems of brake 
application are in use: straight, diagonal, with equalizing 
mechanism, and without equalizers. 


Table Ill 
Speed Rear brakes only Four wheel brakes 
Miles Theoretical Practical Theoretical Practical 
eee M12 reat 23 4 28.4 
Be retest 93.1 122.9 50.0 54.6 
Mi erie 165.6 242.7 89.0 105.0 
BO! act 258.8 319.8 139.0 137.7 
ree 372.0 429.7 201.0 229.6 


Excelsior (Fig. 3) brakes diagonally, so that the pres- 
sure is equalized at opposite corners, and if a brake cable 
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Fig. 12—Metallurgique brake with cam below axle 
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Fig. 13—Detail of Darracq brake operating mechanism 
on front wheel. 


Lroke a front and a rear wheel on opposite sides would 
stii] get the same braking effort. This is one of the pat- 
ented features of Perrot’s system, and was used by him 
on ‘e first Arg: ll cars to have four wheel brakes. Curi- 
ously, however, those firms producing under Perrot license 
do nut adopt this particular feature. 

Delage, who has had more practical experience than any 
other firm on front wheel brakes, builds under Perrot li- 
cense and brakes by pedal through two bevel type differ- 
entials (Fis. 4). There is a brake on the transmission, 
operated Lb: hand, but its only practical use is to lock the 
car in a -tanding position. On the new 10-hp. type now 
going int: production Delage has abandoned the transmis- 
sion brak2 As under French law there must be two inde- 
pendent sts of brakes, it is assumed that the rear wheel 
brakes wil: he operated by lever as well as by pedal. Some 
such arrangement is necessary in order to lock the car in 
a standing position. 

Darracq has simultaneous operation of the four brakes 
by pedal or by lever (Fig. 5), but unlike the Delage there 
is no equalizing mechanism. After long road tests of the 
two types it is difficult to determine which has the advan- 
tage in this particular respect. On the Darracq it is nec- 
essary to adjust the two front and the two rear wheels to- 
gether, but once adjusted there appears to be no tendency 
for them to wear unevenly. On the Delage, on the other 
hand, any differences between the two wheels forming a 
pair will be taken care of by the differential. Obviously 
the Darracq is a cheaper production job. 

Hispano-Suiza is the only one making use of a relay 
brake, as shown in Fig. 6. This device has been adopted 
in order to reduce the effort required to apply the brakes, 
and is successful to suck an extent that the pressure re- 
quired on the brake pedal is hardly any more than thai for 
the accelerator. On the Hispano-Suiza all four brakes are 
applied by pedal, but the rear wheel brakes can be applied 
separately by lever. 





Fig. 15—Ball universal joint in brake cam on Metal- 
lurgique. 


Fig. 14—Bellanger brakes and double springs. 


Isotta-Fraschini brakes by means of pedal on all four 
wheels, or by means of the central lever, shown in Fig. 7. 
Metallurgique is rather special with the use of rear wheel 
drums having twice the width of those at the front and 
containing double brakes, one set being connected up to 
the front and operated by pedal, and the second set being 
controlled by hand. There is no brake on the transmission. 
The layout is shown in Fig. 8. 

There is a certain historic interest in noting that one of 
the first front wheel brakes was used on the Dufour truck 
in 1904 (Fig. 9). This brake was very defective, for the 
axis of the steering pivot being a considerable distance 
from the point of contact of the wheel with the ground, 
there was a reaction on the connecting rod when the 
brakes were applied, and when one wheel was on dry 
ground and the other on a wet patch, there was consider- 
able reaction on the steering gear. 

When front wheel brakes came up again in 1910, on the 
Allen-Liversedge, the Argyll, and the Scat cars, the ex- 
tended axis of the steering pivots cut the axis of the wheels 
at their point of contact with the ground, as shown in Fig. 
10, which represents the Scat brakes of that period, so 
that the steering was not affected by unequal braking ef- 
forts on the front wheels. 

All modern four-wheel brakes are on this principle, 
while the brakes themselves may be divided into two dis- 
tinct classes—those built on the Perrot system with the 
cam and operating mechanism mounted above the axle, as 
shown in Fig. 11, on the Delage and as also used by Dar- 
racq and Hispano-Sviza, an.? those on the Isotta-Fraschini 
sys‘em with the -:m below :: +%'+. This latter design is 
auupted by Ex.'sior, Metaliuig.g.« (Fig. 12), Bellanger, 
and Piccard- Pictet. 

With the Perrot system an extremely 2xible connection 
is required from frame member to the orake drum. The 
brake camshaft is telescopic and is carved at its cuter ex- 
tremity on the frame member. Alternative methods of 

















Fig. 16—Method of operating brake shoes on Bellanger. 
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Fig. 17—Details of Bellanger brake. 

mounting are shown in the Delage (Fig. 11) with a spher- 
ical connection on top of the frame member, and the Dar- 
racq (Fig. 13) with a yoke type of universal carried in tre 


~~ 
ME > 
——— 


Fig. 18—Hispano-Suiza brake connections. 


radiator support. On the latest Darracq the brake cam- 
shaft is mounted on the frame member, independently of 
the radiator support. 


The Perrot System 


Advantages claimed for the Perrot system (Delage, Dar- 
racq, Hispano-Suiza, etc.) are that the whole of the brake 
operating mechanism being placed at the highest point 
there is the maximum protection against mud and dust. 
It is quite an easy matter, by the use of a leather gaiter, 
to completely protect the moving parts of the telescopic 
camshaft. The braking is not seriously affected with this 
design in case the front axle is bent in an accident, 
whereas with the brake camshaft mounted in the axle any 
accident to this latter makes the brakes inoperative, and 
the breakage of the main leaf of the front spring renders 
the brakes on the front wheels useless. As a remedy 
against this Bellanger uses double springs at the front 
(Fig. 14), held to the axle by a single pair of clips. It is 
most unlikely that two main levers will break simulta- 
neously. 


Generally a stop is fitted behind the rear shackle of the . 


front springto prevent the axle moving back in case of 
spring breakage. A third claim for the Perrot system is 
that it allows of the use of an axle with a bigger road 
clearance than is possible when the brake operating mech- 
anism is carried in the axle itself. The objection can be 
raised against some of these designs that they are not 
very suitable for cheap production. An example is the 
spherical universal in the brake cam on the Metallurgique, 
shown in Fig. 15. The method of brake shoe operation on 
the Bellanger is shown in Fig. 16, with details of the brake 
in Fig. 17. 


Uniformity in Size 


On all the European high grade cars at present employ- 
ing four-wheel brakes there is a large degree of uniform- 
ity in size, the drums varying in diameter from 15 to 16 in. 
and the shoes having a width of from 2 to 2% in. on the 
Delage, Darracq, Hispano-Suiza, Metallurgique, Excelsior, 
Bellanger, and Piccard-Pictet cars. In all cases the brakes 
are internal expanding, the external contracting brake 
being quite unknown in Europe. Large use is made of 
ribbed cast aluminum drums with steel liners and alumi- 
num shoes, this combination of metals being adopted in 





Fig. 19—Metallurgique brake adjustment. 





Fig. 20—Excelsior brake showing micrometer adjust- 
ment. 
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order to reduce unsprung weight to the lowest limits. 
Ferodo brake lining is used in the majority of cases, and 
while this gives fair satisfaction, it is admitted that the 
ideal lining has yet to be found. One of the objections 
raised against Ferodo is that when it becomes hot under 
strenuous service it assumes a spongy, almost rubbery 
character, with a loss of efficiency. Excellent results are 
claimed by Excelsior with alternating bands of cast iron 
and Ferodo. The dust from the iron shoes becomes im- 
pregnated in the fabric lining and improves its general 
efficiency. 


Adjusting Arrangements 


Much of the detail of these high-class braking systems 
is worth studying, and particularly the attention which 
has been given to arrangements for taking up wear and 
rapidly adjusting the brakes. On Delage and Darracq cars 
the normal wear is taken up by four butterfly nuts, two at 


the front and two at the rear of the chassis, shown in the 
case of the Darracq in Fig. 13. Delage also uses a bevel 
gear type of differential as balancing gear, the whole being 
in an aluminum housing. The use by Hispano-Suiza of 
steel cables for the front wheel brakes only is interesting, 
these cables going through guides in the frame members 
(Fig. 18), and adjustment being by butterfly nuts reached 
by lifting up the floor boards. Metallurgique unites all 
the brake adjustment at the rear of the gearbox, shown in 
Fig. 19. This firm also employs steel ribbons in place of 
the more commonly used brake rods, but to prevent rattle 
they are mounted vertically. Excelsior is the only firm 
using cable connections throughout, this choice being jus- 
tified by the diagonal operation of the brakes. This firm 
provides for adjustment between the spherical cam and 
the brake shoes by having the hardened steel face pieces 
in the form of wedges with notches giving adjustments of 
one millimeter, as shown in Fig. 20. 





French Semi-Diesel Competition 
By W. F. Bradley 


ITTLE public interest having been displayed in the 
a semi-Diesel engine competition for French produc- 
tions only, announced by the Automobile Club of France, 
this event has been withdrawn and new rules have been 
issued for a competition open to foreign nations on 
invitation. Those who are invited to take part are Eng- 
land, Belgium, Denmark, United States, Holland, Italy, 
Norway, Sweden and Switzerland. The bench tests will 
begin on October 15, 1921, and entries are received until 
August 1. 

Four different classes of semi-Diesel engines are pro- 
vided for under the rules, as follows: 

Class 1, from 2% to 9 hp. 

Class 2, from 10 to 24 hp. 

Class 3, from 25 to 34 hp. 

Class 4, from 35 to 50 hp. 

In the two latter classes the engines must have at 
least two cylinders. 

The object of this competition is to encourage the 
development of semi-Diesel engines suitable for use on 
fishing boats, on agricultural tractors and for general 
stationary work. There are no restrictions on the type 
of fuel used, which may be either a petroleum by-product 
or derived from coal tar, on condition that it is readily 
obtainable commercially. Water injection is permitted. 

The engines must develop their rated power at 450 
r.p.m. for the first class; 400 for the second class; 350 
for the third class, and 300 for the fourth class, the 
tolerances being 20 per cent plus or minus. While no 
weight limit is fixed, the total weight of the engine will 
be taken into consideration in making the awards. Fuel 
consumption must not exceed 450 grammes per horse- 
power-hour for fuel having a calorific value of 10,000 
calories. 

There will be six practical bench tests, as follows: 
(1) A 3-hour test under full load, followed by a similar 
test on the following day, it being absolutely forbidden 
to touch the engine between the two trials; (2) a 3-hour 
test at the same speed as the first test, but under half 
load; (3) a 83-hour test at half the maximum speed, with 
the load corresponding to this engine speed; (4) a 1-hour 
test at half maximum speed and at one-eighth maximum 
load; (5) a 1-hour test without load; (6) various start- 
ing tests, during which the engine must be started up 
from cold with the fuel used in normal running in a 
maximum time of 20 minutes. There will also be a series 
of tests at varying speeds and with quick changes from 


these different speeds. The ease with which the engine 
can be started up and reversed, the absence of noise 
and vibration and the east of starting after a long stop 
will be taken into consideration by the jury. 

Awards in this competition will be made by the attri- 


bution of points for construction and operation on the’ 


following basis: 


Construction. Points. 

CS OE BEI 4 cikicsinicccinecanvevecesnwsons 0 to 100 
SOMA a 6:4'4s AAA CEE CERRO DC eeeweeeR eased eeene Rs 0 to 100 
Ease of dismounting and inspection of various parts.. 0to 40 
Interchangeability of parts ........cccccccccccsedes Oto 40 
SED on CVs cc GededédetvccsebnadeaecensDacewe Oto 40 
Ease of inspection and cleaning of valves............ Oto 40 
Joints for valve seats and piping ................0005 Oto 40 
Operation. Points. 

General operation (noise, vibration, etc.)............ 0 to 200 
SR ES oo 6 5 05. 6.0.0's 60:0:0:50.040.0 005 00 NS 8 ccenees 0 to 200 
pT ns ee ee re 0 to 400 
Consumption of lubricating oils ..................4.. 0 to 100 
Fuel consumption under full load ................... 0 to 500 
Fuel consumption under half load .................. 0 to 200 
Fuel consumption without load .................... 0 to 100 
Fuel consumption under full load (half speed)...... 0 to 200 
Fuel consumption with one-eighth load (half speed). 0 to 100 
Wels POF RMON. os cc sc cccccvesccccscctosece 0 to 100 
I I os i hsK6 6 oc cacdesdseescivecawoeoens 0 to 400 
ADI y to WIKRE PAGINE i.ciis cc cesindcccdiecceaes 0 to 100 


Some attention is being paid by French manufacturers 
to the development of semi-Diesel engines, not only for 
stationary work, but for use on trucks and agricultural 
tractors. Peugeot is working on this problem; Delaunay- 
Belleville has brought out an agricultural tractor with 
a semi-Diesel engine, and the S. M. I. M. Company has 
a truck engine in operation. 





HE longest motor transport line in Spain was re- 
cently opened from Santander, on the shores of 
the Bay of Biscay, to the town of Burgos. . The distance 
between the two towns is 96 miles, and the road is of a 
very difficult character, for starting from the sea level 
the route rises to an altitude of 3280 feet at Puerto del 
Escudo and drops down abruptly to Burgos. In certain 
places 18 per cent gradients are encountered. This line 
will carry both passengers and goods, the regular daily 
service being assured by four Fiat omnibuses and four 
lorries of the same make. The opening of this service 
was made the occasion of much local rejoicing, and a 
crowd estimated. at 20,000 persons .gathered to see the 
arrival of the first cars. ‘ 
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Tolerance Systems 


The tolerances allowed must agree closely with the requirements if the 


for Cylindrical Fits 


limit gaging system is to be utilized to its fullest advantage. This article 


discusses the various tolerance systems used in connection with cylindri- 


cal fits and points out the various factors involved in each. 


By P. M. Heldt 


made possible by holding to close limits of meas- 

urement those parts which have to fit other parts, 
the dimensions being checked by means of limit gages. 
The manufacture of parts to limits is not at all new, 
but has been the accepted practice in the automobile 
industry during the past eight or ten years. But in the 
setting of the tolerances for different classes of work 
there has been in the past very little method, and there 
has been no uniformity in the practices of different 
shops. It is evident that the full advantage of a limit 
gaging system cannot possibly be obtained unless the 
tolerances allowed agree closely with the requirements. 
Of course, the average fit becomes better the closer the 
tolerances are made, but, unfortunately, exceedingly 
close tolerances mean high cost of production and high 
wastage. On the other hand, if the tolerances are made 
too large the parts will not go together properly and 
may require hand-fitting in assembling—the very thing 
it is desired to avoid by the limit system—or the rejec- 
tion of parts in the assembling department which were 
passed by the inspectors. 

There are two ways of looking at the matter of toler- 
ances. In the first place, there would be no use in set- 
ting tolerances so close that the workmen cannot work 
to them. This was the point of view generally taken in 
earlier years, when the shop foreman was intrusted with 
the task of fixing the tolerances to which he thought the 
shop could work on any particular part, and these were 
set down on the drawings. 

In recent years it has been found, however, that a 
shop force, provided it is furnished with suitable equip- 
ment and the working conditions are right, particularly 
as regards lighting, can be quickly trained to work to 
almost any degree of precision that may be called for. 
Hence in future there is no reason why the tolerances 
should not be determined solely with regard to the re- 
quirements of the work in hand. It will then be possible 
to standardize tolerances, so that parts made in different 
shops will be interchangeable. The need for such stand- 
ardized systems of fits and tolerances became very appar- 
ent during the war when contracts for machine parts 
were let to an unprecedented extent. Had a complete 
system of standardized fits and tolerances been in exist- 
ence at that time, untold trouble and waste would have 
been avoided. Although, as stated above, a shop force 
may be trained to work to any degree of precision that 
may be called for, the higher the precision the more ex- 
pensive the work, and the tolerances should be set no 
closer than the purpose for which the part is intended 
actually necessitates. 

When a shaft fits into a bore the character of the fit 
depends entirely upon the relation between the diameters 
of the shaft and bore. The question is sometimes asked, 


TV mete: pomitie on the interchangeable plan was 





How large must a shaft be in order to just go into a 
hole of 1 in. diameter? The answer is that it must be 
1 in. in diameter, in which case it will fit snugly into 
the bore, giving what is known as a push fit. If the 
shaft is made the least bit smaller in diameter it wil! 
enter the bore with a certain degree of freedom, whereas 
if it is the least bit larger it will require considerable 
force to cause it to enter. The degree of freedom on 
the one hand and the amount of force required on the 
other vary continuously with the difference in the diam- 
eters of shaft and bore. This difference, known as the 
allowance, may have an endless number of values, and 
there is, therefore, an endless number of degrees of fit 
that can be obtained. The necessity for determining 
upon a limited number of classes of fit arises from the 
fact that it is commercially impossible to make either 
shafts or bores to absolutely definite dimensions. 
Tolerances must be set on both the bore and the shaft 
diameters. For instance, if for a particular part we set 
limits of 0.999 and 1.000 for the shaft and 1.000 and 
1.001 for the bore, then it is possible for a 1.000-in. shaft 
to come together with a 1.000-in. bore and a 0.999-in. 
shaft with a 1.001-in. bore, representing the two extreme 
cases. There will always be such differences in fits of 
a certain class, but the extremes must not be far enough 
apart to completely change the character of the fit. 


Three Fundamental Classes 


In various systems there are different classes of fits. 
The British, in their deliberations on the subject, dis- 
tinguished between three fundamental classes, viz., run- 
ning fits, in which the bore is greater than the shaft 
diameter; interference fits, in which the bore is smaller 
than the shaft diameter, and transition fits, intermediate 
between the two. This classification is handy for pur- 
poses of discussion, but all actual systems of fits com- 
prise a greater number. The lowest number is four, 
namely, running fit, sliding fit, push fit and force fit. A 
system of allowances and tolerances covering four fiis 
is given in Table I, this having been evolved by J. ¥. 
Reinecker, a German machine tool manufacturer, aid 
is in millimeters. The allowance is the difference })<- 
tween the shaft diameter and bore, being positive (-: ) 
when the shaft diameter is greater than the bore and 
negative (—) when the shaft diameter is less than the 
bore. The tolerances in this system are equally dis- 
tributed on both sides of the nominal dimensions. This 
Reinecker system is typical of early attempts to stand- 
ardize fits. Of late years the subject has been greatly 
elaborated. , 

As the class of fit depends upon the average difference 
in diameter between bore and shaft, it follows that if 
the bore is held constant for all classes of fit the shaft 
diameter must vary with the class of fit, and, conversely, 
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Table 1 


Reinecker System of Tolerances 


whereas the bore basis is to be preferred 
by shops taking in almost any kind of 








Diameter Allowances for Different Classes of Fit 


Ranges Running Fit Sliding Fit Push Fit 
10-16 —0.02 to—0.045 —0.01 to—0.035 +0.005 to —0.02 
17- 29 —0.025 to—0.06 —0.01 to —0.045 +0.01 to—0.025 
30-50 —0.03 to—0.075° —0.01 to—0.055 +0.01 to—0.035 
51- 80 —0.035 to—0.09 —0.015 to —0.065 +0.01 to—0.04 
81-120 —0.045 to—0.11 —0.015 to —0.075 +0.015 to —0.045 

121-200 -—0.055 to—0.13 —0.015 to —0.08 +0.015 to —0.05 


Limits for Bore and Shaft Diameter 


Diameter Bore c———Shaft Diameter Tolerances————_, 
Ranges Tolerance Running Fit Sliding Fit PushFit Force Fit 
i0— 16 0.015 0.010 0.010 0.010 0.010 
i7— 29 0.020 0.015 0.015 0.015 0.015 
30- 5@ 0.025 0.020 0.020 0.020 _ 0.020 
51- 80 0.030 0.025 0.020 0.020 0.025 
81-120 0.035 0.030 0.025 0.025 0.030 

121-200 0.040 0.035 0.025 0.025 0.035 


In the lower table the figures represent the total tolerance or 
difference between the upper and lower limits. 


if the shaft diameter is held constant for all classes of 
fit, the bore diameter must vary. The first system is 
known as the bore basis and the second as the shaft 
basis. The superiority of the one or the other of these 
alternate systems has been a much-discussed question. 
Superficially considered, there seems to be no great ad- 
vantage one way or the other, but when the problem is 
closely looked into many points of difference come to 
light. Account must be taken, in the first place, of pre- 
vious practice, as a large amount of capital is invested 
in gages, reamers, arbors, etc., and in case of a change 
in basic dimensions these tools are rendered useless. 


Bore Basis and Shaft Basis 


In England the subject of fits and tolerances was han- 
dled by a subcommittee of the Committee on Machine 
Parts, Their Gaging and Nomenclature, appointed by 
the British Engineering Standards Association, and this 
committee, after several sessions, decided to adopt the 
bore basis. In Germany, where the subject is handled 
by a subcommittee of the Standards Committee of the 
German Industry, the conclusion was reached that both 
the bore basis and the shaft basis would have to be 
retained. 

The chief reason for the preference of the bore basis 
over the shaft basis is that the bore is usually finished 
by a reamer and also must fit a mandrel, and if the bore 
is constant for all classes of fit it saves a great deal on 
reamer and mandrel equipment. The German committee 
found it impossible to agree on a single system, as im- 
portant branches of the German industry had been work- 
ing on the shaft basis and, in view of their investments 
in gages and tools, they wanted to continue to do so, 
whereas the machine tool industry and the precision 
industry felt they could not give up the bore basis. 


Advantages of Shaft Basis 


The shaft basis has advantages in those branches of 
industry where cold rolled steel is used to quite an 
extent, as with this system fits of different kinds can be 
made on the same shaft without any offsets or shoulders 
on the shaft. This entails cheaper construction, hence 
is to be preferred in many lines, such as shop equipment, 
agricultural machinery, etc. In many cases it is a much 
easier matter to replace a smooth than a stepped shaft. 
The shaft basis was also claimed to be preferable where 
ball bearings are used, because German ball bearing 
manufacturers want to turn out their bearings with only 
one inner and one outer diameter for each size, with the 
zero line in both cases as the limit. This places the 
outer race on the shaft basis and at the same time gives 
a press fit for the inner race on the standard shaft. It 
is believed that the shaft basis offers a balance of advan- 
tages to firms specializing on a narrow line of products, 


~ work, which must, therefore, have a 
Force Fit 


02to—0.005 large range of equipment. 
3 to —0.005 


0 
04 to —0.005 : o4e 
oo Disposition of Tolerances 
06 to —0.005 
07 to —0.005 


+0. 
) 
£9: Another question that comes up in the 
consideration of fits is the disposition of 
tolerances. Formerly it was customary to distribute these 
equally on both sides of the nominal dimension, and such 
dimension figures as 2.500+ 0.001 in. were commonly 
used. But this sometimes led to trouble. Suppose, for in- 
stance, that a designer wanted a running fit on a 144-in. 
shaft and figured that an allowance of 0.001 was necessary 
to give clearance for the oil film. If at the same time he 
figured on plus and minus tolerances of 0.001 in. each, 
he would dimension his bore 1.250+ 0.001 in. and his 
shaft 1.249+ 0.001 in. However, in that case his mini- 
mum bore would be 1.249 in. and his maximum shaft 
1.250 in., and instead of getting a running fit he w-uid 
get a press fit in this extreme case. Such mistakes are 
not unavoidable with symmetrically disposed tolerances 
(the bilateral system), but they are more likely to occur 
with them than with the unilateral system. 

Most of the arguments that have been adduced in 
favor of symmetrically disposed tolerances have to do 
with considerations of established practice. This was 
the common system some years ago and most of the 
firms which then adopted the limit gage system are 
equipped for it. hese firms may not be very numerous, 
but, on the otuer hand, they include some of the largest 
concerns in the .aachinery industry. If the nominal size 
were made the low limit for bores, that is, if the toler- 
ances were entirely disposed on one side of the nominal 
size, then all mandrels and reamers made for standard 
holes would be rendered useless. In Europe the point 
has been raised that ball and roller bearings as at pres- 
ent standardized can in many cases most easily be dealt 
with if the limits of the holes to receive the outer races 
are controlled by gages having at least one minus limit. 
However, in a set of shaft and housing fits proposed to 
the Standards Committee of the S. A. E. last January by 
a subcommittee largely composed of representatives of 
the bearing industry, housing bores with only plus toler- 
ances were recommended. For the shafts also only posi- 
tive tolerances are recommended. It has further been 
argued against the introduction of tolerances all to one 
side of the nominal dimensions that the introduction of 
any new system necessarily entails much extra control 
and work which is hardly warranted by the theoretical 
gain put forward in favor of the change. 

An argument of a different character put forward in 
favor of the bilateral system is to the effect that where 
the bore basis is used it results in holes nearer, on the 
average, to the standard size. Where the low limit is the 
nominal size no hole can possibly be of standard size 
unless the “go” end of the gage be forced into the hole, 
which in that case will be of exactly the same size as the 
gage. Under such conditions there is no margin for 
error, and the operator, to obtain the desired result, 
namely, a standard hole, is obliged to exercise extreme 
care. Such use, moreover, is very injurious to the gage. 
In order to preserve the accuracy of the gages the pieces 
should enter the “go side” freely and the operator should 
be given full opportunity to take advantage of the per- 
mitted tolerance. With plus and minus limits both these 
advantages can be obtained, while the majority of holes 
produced will be very close to the standard size. 

It is a rather strange fact that whereas England quick- 
ly reached a decision in the question of shaft as: vs. 
bore basis, which had proved a stumbling Flock in Ger- 
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many, at least in the sense that it was found impossible 
to adopt one of the two to the exclusion of the other, 
Germany disposed quickly of the problem of the disposi- 
tion of tolerances on which no decision could be arrived 


at in England. In the German system the nominal di- 
mension is the maximum dimension of the shaft where 
the shaft basis is used, and the minimum dimension of 
the bore with the bore basis. 

In England representatives of the mechanical indus- 
tries as late as the latter part of 1919 seemed to be di- 
vided into two substantially equal camps with no side 
willing to yield, for a committee report issued at that 
time stated that no decision could be made until further 
light had been thrown on the subject. However, recent 
private reports are to the effect that since that time 
there has been a marked change in England in favor of 
the unilateral system. 


Advantages of the Bilateral System 


The chief advantage claimed for using the zero line as 
the limit is that it is clearer than the system of sym- 
metrically disposed tolerances. With the former system 
and the bore basis the shafts for all fits which are sta- 
tionary, in the sense that there is no continued motion 
between the parts in operation, are given a positive de- 
viation, those for all running fits, negative deviations. 
On the contrary, on the shaft basis the bores for running 
fits receive plus deviations, those for stationary fits 
minus deviations. The sign of the deviation therefore 
characterizes the..kind of fit. Another advantage re- 
sides in the fact that one of the limiting dimensions is 


THE NEWALL 


STANDARD TABLES OF 


a standard dimension. The “go” side of all gages is a 
standard dimension for all qualities of fit. This facili- 
tates the introduction of such a system by firms which 
previously made use of standard gages. 


Qualities of Fit 


It is obvious that not all industries can make use of 
the same quality of fits. Corn shellers, for instance, du 
not have to be built as accurately as aircraft engines. 
In the coarser grades of work where a running fit is 
wanted it is essential that the maximum shaft diameter 
be slightly less than the minimum hole diameter, but it 
does not matter so much if there is considerable clear- 
ance between the minimum shaft diameter and the maxi- 
mum bore. Opinions as to the number of qualities needed 
differ. At the meeting of the British Committee above 
referred to some representatives thought that four or 
five qualities of work (degrees of fineness of tolerance) 
would be needed, while others thought three would be 
sufficient. In France only two qualities are in use. The 
Germans have adopted four qualities. 

The system of standard cylindrical fits as worked out 
by the Standards Committee of the German Industry 
comprises eight classes of fit—press fit, light press fit, 
push fit, sliding fit, close running fit, running fit, free 
running fit and loose running fit—and four qualities of 
fit—coarse fit, plain fit, precision fit and high precision 
fit. The high precision quality goes together only with 
the sliding, push, light press and press fits. Precision 
fits are specified for all eight classes of fit. Plain fits are 
specified in conjunction with four classes of fit, viz., loose 


LIMITS 


(In Use in England) 


TOLERANCES IN STANDARD 


HOLES (CLASSES A AND B) 








































































































Nominal 
Diamete rs Up to %” fe"-1” 17,”-2” 2457-3” 37 1 a4” 4y ds ” 5 5 ys”-6” 6y 1, e: q” q hs "og" 8 A ” -9” 9 Bs "2.10" 10; "44" nu ty ” -12” 
High limit +.00025 +.00050 +.00075 +.00100 +.00100 +.00100 +.00150 + 001: 50 +.00175 ‘ae 00175 +.00175 +. 00200 + .00200 
Low limit —.0025 —.00025 —.00025 —.00050 —.00050 —.00050 —.00050 —.00075 —.00075 —.00100 —.00100 --00100 —.00100 
Tolerance .00050 00075 .00100 .00150 .00150 .00150 00200 00225 00250 00275 00275 00300 .00306 
High limit +.00050 +.00075 +.00100 +.00125 re 00150 +.00175 +.00200 +.00225 +.00225 +.00250 +e +.00275 +.00275 
Low limit —.00050 —.00050 —.00050 —.00075 —.00075 —.00075 —.00100 —.00100 —.00125 —.00125 00125 —.00125 —.00150 
Tolerance -00100 00125 00150 .00200 00225 .00250 00300 .00325 00350 00375 00375 00400 00425 
ALLOWANCES FOR VARIOUS FITS 

Force F tts (Class F a 

Nominal 
Diameters Up to % ” Ps dt ed 1; Ae "on" 4 Js “ign $4 L Hy ad 4 ps"- 5” 5 ys”-6” 6 is ”. q” 7 PY ,7=8" 8y,"- 9” 9 Bs ”-10” 10 ? 11” 11 i "12 
High limit. +. 00100 ror 00 200 - 00400 +. 00600 +. 00800 a 01000 +.01200° +. 014 +. 016° + 018 +.020 +- 022 + .024 
Low limit +.00050 +.00150 +.00300 +.00450 +.00600 +.00800 —.01000 +.012 —.084 ~.016 —.018 -.020 —.022 
Tolerance 00050 .00050 .00100 .00150 .00200 .00200 00200 902 002 002 002 002 002 
Driving Fits (Class D) 

Nominal 
Diame ters U P to “% ” Yr wi41wt 1 ps ”-2” 2 Bs ”-3” 3 Bs "4" 4 Ds ” 5” 5 ts ” 6” 6 Bs ” 7” q Ps ” <Q” g ths ” <9” 9, 1, 5”-10"” 0 Ys ”-1 1” 11 b-1 y) 
High li limit ey 0005 0 +.00100 +.00150 4.00250 +.00300 +.00350 vi 00400 + .00450 + 00500 oo .00550 +.00600 +.00650 +.00704 
Low limit +.00025 +.00075 +.00100 +.00150 +.00200 +.00250 +.00300 +.00300 +.00350 + 00.400 -+.00450 +.00450 +.00500 
Toler ance 0025 00025 00050 .00100 .00100 00100 -00100 00150 001 50 90150 00150 00200 0020: 
Push Fits (Class P)- 

Nominal 

Diameters Up to 4" fs"-1” 1ye"-2” = 2 ¥g”-3” a ie sate 4yy"-5 5 ps”-6” 6 Bis 2 de Tde"-8" = 8 s"-9" = 9. 7-10” 107"-11”" 117,”-1 
High limit —.00025 —.00025 —.00025 — 0005 > 0005 >» —0005 —.0005 — 0005 —.00050 —.0005 0 —.00075 —.00075 —.000% 
Low limit —.00075 —.00075 —.00075 —.0010 —.0010 —.0010 -—.0010 —.001 3B —.00150 —.00150 —.00200 —.00200 —.002 
Tolerance .0005 0005 — .0005 .0005 0005 .0005 -0005 00075 -00100 .00100 00125 00125 001 
Running Fits” (Classes X, Y and Z) 

Nominal : 

Diameters U p to %” ¥s ” -1” 1, Wa ” 2” -4 ts Ww aad 3 ts "we ” 44 Me ” @5” 5 te”-6” 6 v6 m al THs ” «af? 8 Ae ” -9” 9, - 5-10" 10¥6 ” me hed Z Ys "-1 
High limit — (00100. — 001 25 > — 0017 56 — 00200 — 002: 50 —.00300 — 003: 50 — 003: 50 —.00350 — 003 Th —.00400 — 00400 —.00425 
Low limit —.00200 —.00275 —.00350 —.00425 —.00500 —.00575 —.00650 —.00675 —-.00700 —.00750 —.00800 —.00825 —.00859 
Tolerance .00100 .00150 —.00175 00225 .00250 .00275 .00300 .00325 .00350 00375 .00400 00425 00425 
High limit. — 00075 5 —.00100 —.00125 —.001 50 —-09200 —.00225 —.00250 —.00275 — 00275 —.00300 —.00325. —.00325° — 00356 
Low limit —.00125 —.00200 —.00250 —.00300 —.0035 —.00400 —.00450 —.00475 —.00500 —.00550 —.00575 —.00600 —.006 
Tolerance .00050 .00100 00125 00150 001 50 00175 .00200 .00200 90225 .00250 .00250 00275 00275 
High limit —.00050 —.00075 —.00075 —.00100 —.00100 —.00125 —.00125 —.0012h —.00150 —.00150 —.00150 —~.00175 —.00175 
Low limit —.00075 —.00125 —.00150 —.00200 —.00225 —.00250 —.00275 —.00275 —.00300 —.00300 -—.00325 —.00350 — 00359 
Tolerance .00025 .00050 —.00075 —.00100 —.00125 —.00125 —.00150 .00150 .00150 -00150 00175 00175 0017 
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running, running, tight and centering. Coarse fits are 
specified in connection with only two classes of fit, 
coarse running and tight. 


Variation of Tolerance With Diameter 


Naturally the allowances as well as the tolerances 
must increase with the diameter of the piece. At a 
meeting of the British Committee held in the fall of 
1919, the view was expressed that further experimental 
work was needed before the basis on which allowances 
and tolerances should be determined could be settled, 
but those in attendance were of the opinion that the 
formula 

Allowances = a + b VD 
would give suitable results and might be accepted _ pro- 
visionally, a and b being constants and D the diameter. 
Or. the other hand, the German Committee adopted the 
expression 
0.005 YD 

for the unit of-+tolerance which serves to measure the 
tolerance, allowance, clearance, interference, etc. This 
is supposed to be the minimum permissible clearance 
between shaft and bore when using a light lubricating 
oil, taking into account the extreme wear of the “go” 
side of both the plug and caliper gages. Such a toler- 
ance unit is a convenience, as it permits of tabulating 
the whole system of fits without giving the tolerances 
for many different ranges of size. For a 1-in. shaft this 
tolerance unit figures out to 0.00058 in. In the German 
standard system of fits all tolerances, clearances and in- 
terferences are given in multiples and fractions of the 
tolerance unit. 


Wear and Marking of Gages 


The German Standards Committee has also considered 
and set limits for the permissible wear of gages. These 
limits are as follows: 0.25 tolerance unit for a tolerance 
of 1 unit; 0.35 tolerance unit for a tolerance of 1.5 units; 
0.40 unit for a tolerance of 2 units; 0.50 unit for a toler- 
ance of 2.5 units, and 0.60 unit for a tolerance of 3 units. 

In order that there may be no confusion between gages 
for different quality of fit the gages are to be given a 
coat of enamel of different colors, the colors ‘chosen 
being as follows: 


High precision fit gages, azure blue. 

Precision fit gages, black. 

Plain fit gages, “postal” yellow. 

Coarse fit gages, light green. 
The “no go” side of all gages will be painted a brilliant 
red. The nominal size is stamped on the gage, as well 
as letters denoting the class and quality of fit and 


whether it belongs to the bore basis or shaft basis sys- 
tem. 


Distribution of Errors Over Tolerance Range 


An interesting investigation of the distribution of 
errors when working to limit gages has been made by 
John A. Prestwhich & Co. of Tottenham, England. This 
concern uses the bilateral system of fits. In that case 
the dimension midway betweer the limits is the one 
desired by the designer, and it mighi te expected that 
the same number of parts wou! be over the standard 
as below the standard size, the same as in the case of a 
marksman shooting at a target a large number of times 
there will be the same number of hits to the right as to 
the left of the bullseye. The theoretical distribution of 
errors in such a case is given by the Gauss equation 
of probability represented by curves A, Fig. 1. Prest- 
which & Co., by means of a highly accurate liquid gage 
measured up 74 finished crankpins and found that these 
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Fig. 1—-Distribution of errors within permissible limits. 


varied as shown by curve B, Fig. 1. The abscissas show 
the deviations from the standard size in ten thousandths 
of an inch, the tolerances being -+ and — 0.0005 in., 
whereas the ordinates show the percentage of the total 
number of pins between the limits represented by adja- 
cent verticals. It is seen that this curve is displaced to 
the probable error curve by about 0.00015 in. This is 
easily explained, because in turning down a shaft the 
workman does not make any special effort to obtain the 
standard size but merely to come within the specified 
limits. On approaching the upper limit he gets very 
cautious, and as soon as he has reduced the diameter 
below this limit he stops because he has met the require- 


ments. He keeps away from the lower limit for fear of 


going beyond it. There is, therefore, a natural bias 
toward the upper side, and the reasoning on which the 
curve of natural errors (A) is based does not apply to 
this case. Prestwhich & Co. draw the conclusion that if 
the tolerances had been set at -+ 0.00035 and — 0.00065 
instead of at + 0.0005 in. a great number of the shafts 
would have been of the standard size and the accuracy 


in general would have been closer. 


Standard Tolerances in Engineering Contracts 


Undoubtedly, once a standard system of tolerances is 
adopted it will be used to a large extent for acceptance 
inspection and specified for this use in contracts. All 
that is necessary is to mention the number or letter of 
the standards sheet in the contract, stating that parts 
will be accepted on the basis of inspection according to 
the particular standard. In this connection account 
must be taken of the wear of the “go” side of gages. 
Cases might occur where the manufacturer’s inspection 
department used a gage worn nearly to the permissible 
limit, but the customer’s inspector might use a new gage 
and reject parts which had been passed by the manu- 
facturer’s inspection department. In order to be thor- 
oughly practical a system of fits must specify the allow- 
able wear of the “go” side of gages and parts must be 
accepted if they don’t exceed the measurement of the 
new gage on the “no go” side and the measurement of 
a worn gage on the “go side.” In the German system 
the limits given in the standards sheets are working 
limits and they may be exceeded by the contractor by 
the amount of gage wear permissible. If any special 
tolerances are given in contract drawings they repre- 
sent acceptance values or guarantees. It is the inten- 
tion in Germany to have the standards adopted as legal 


by Parliament so their use in commercial contracts will 


be binding. 

The German system of fits has been adopted by the 
Austrian and Swiss standards committees. In England 
the movement seems to have reached a stage of deadlock, 
owing to inability to agree on the question of disposit‘on 
of tolerances, but there is no doubt that it will be taken 


up again in the near future, especially if other countries: 


settle the matter in a satisfactory way. 
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The gage must go 
over the s 
reason of its 
weight alone. 


ee ° G. I. STANDARD 
GERMAN Precision Fit 
INDUSTRIAL . 
STANDARDS Shaft Basis 
Abbreviated Designation for Shaft—fN 

The precision fit is applicable to the running fits—loose running fit, 

free running fit, running fit and close running fit, as well as to the 

sensitive fits—sliding fit, push fit, light press fit and press fit. But 

the latter must be machined according to the high precision standard, 

G. I. Standards 48 to 51, if particularly rigid demands are made with 

regard to similarity of fit. 

“G o” Side “No Go” Side 


It must be impos- 
sible to pass the 
gage over the 
shaft and it must 
at most grab the 
shaft. 


by 








Dimensions in MM. 




























































































New Gage Worn Gage 
Deviations 
Go Side 
Diameter Ranges een suet Permissi- Goge 
Go Side No Go Side ble wear Deviation 
} to. 8 1) — 0.005 0.0015 40.0015 
Above 3 to 6 0 — 0.008 0.002 +0.002 
Above 6 to 10 0 — 0.010 0.003 +0.003 
Above 10 to 18 0 — 0.012 0.0035 +0.0035 
Above 18 to 30 0 — 0.015 0.004 +0.004 
Above 30 to 50 0 —0.018 0.0045 +0.0045 Caliper 
_Above 50 to 80 0 — 0.020 0.0055 +0.0055 Gage 
Above 80 to 120 0 — 0.022 0.006 +0.006 
Above 120 to 180 0 — 0.025 0.007 +0.007 
Above 180 to 260 0 — 0.030 0.008 +0.008 
Above 260 to 360 0 — 0.035 0.009 +0.009 
Above 360 to 500 0 — 0.040 0.010 +0.010 
Tolerance Units 0 | 0.25 +0.2 


















The deviations of this sheet are identical with those of the 


sliding fit shaft of the bore basis system ding t ae 
>> ystem according to G. I 


This sheet also specifies the shaft basis shaft for high precision 


fits. 














Using German Tolerance Chart With English Measures 
The German tolerance unit is equal to 0.00058 in. for 


Sample German standards sheet giving tolerances for precision fits on the shaft basis. 


used. 
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and 18 tolerance uniis = 0.013 in. 
Hence the limits for the shaft would 
be 1.9935 and 2 in. and the limits 
for the bore 2.0065 and 2.013 in. 


Tolerances in S. A. E. Standards 


In the S. A. E. standards there 
are a good many examples of toler- 
ances and these reflect modern 
American practice which, however, 
is not based on a unified or stand- 
ardized system. For instance, on 
poppet valve stems a tolerance of 
0.001 in. is allowed and both limits 
show downward deviations from 
the nominal size, the stem being 
intended to be a free sliding fit in 
the reamed bushing. Shanks of 
connecting rod bolts are dimen- 
sioned so that the maximum diam- 
eter is identical with the nominal 
size and the minimum from 0.002 
to 0.004 in. smaller, according to 
the nominal size. The starting 
crankshaft end has limits of 0.998 
and 1.000 in. and for the attached 
starting crank the hub bore limits 
are 0.9990 and 1.0005 in., while for 
the removable starting crank the 
hub bore limits are 1.010 and 1.015 
in. This evidently corresponds to 
the shaft basis and tolerances to 
one side of the zero line. The tol- 
erance on the shaft is a little larger 
than that corresponding to the 
plain fit of the German system. On 
rod end pins both deviations from 
the nominal size are negative, on 
the 14-in. size — 0.004 and — 0.007 
in., for instance. The holes in the 
rod ends through which these pins 
go have both positive and negative 
deviations, + 0.001 and — 0.002 in. 
for the %-in. size, for instance. 
The practice represented by these 
figures does not seem to fit in with 
any of the systcms above discussed. 
In splined fittings the bore basis 


and tolerances to one side of the nominal dimension are 



















a nominal diameter of 1 in. Using the chart of the sys- 
tem, it is an easy matter to calculate the limits in inches 
for any nominal diameter, class and quality of fit. Sup- 
pose that the bore basis is to be used and it is desired to 
find the necessary limits for a 1.5-in. shaft and bore 
which are to be a running fit of precision quality. Re- 
ferring to the chart, the lower limit for the bore is found 
to be the zero line, that is 1.5 in. The upward deviation 
is 1.5 tolerance units. This amounts to 


1.5 < 0.00058 & 1.5 = 0.001 in. 


The limits for the bore, therefore, will be 1.500 and 
1.501 in. The deviations for the shaft are — 1.5 and — 3 
tolerance units. Hence the limits for the shaft are 1.4% 
and 1.498 in. 

Now let us take a 2-in. shaft and bore under the shaft 
basis to have a running fit of coarse quality. The shaft 
deviations are + zero and — 9 tolerance units, and the 
bore deviations + 9 and + 18 tolerance units. Nine tol- 
erance units in this case amount to 


9 < 0.00058 & W2 = 0.0065 in. 


Tolerances in Ballbearing Mountings 


The proposed standard ballbearing mountings sub- 
mitted to the S. A. E. last winter correspond neither 
to the shaft basis nor to the bore basis. The inner race 
should be a press fit on the shaft. Let us take the 25 
mm. bore size. For a high precision fit, according to the 
German system the tolerance on the shaft diameter would 
be 0.00057 in., the proposed tolerance was 0.0005 in. 
The tolerance on the bore, according to the German sys- 
tem would be the sanie, that is, 0.00057 in., that in bear- 
ings, according to the American standard is 0.0006 in. 
The maximum allowance in the German high >recision 
oress fit is + 2 tolerance units = -+ 0.00114 in., the 
minimum, zero. In the proposed American standard the 
maximum allowance is -- 0.0009 in., the minimum, 
— 0.0002 in. Hence the tolerances on this size of 
bearing and shaft corres:onded very closely to the 
German high precision fit, and the allowance lies be- 
tween the German press and .1.t"ht press fits, somewhat 
closer to the former. 
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If now we take the largest size = 2 sean 
of bearing listed, with a bore of os . * | D 
205 mm., we find the following (the np P recision Fit : : 4] 
figures in parentheses following the STANDARDS Shaft Basis—Free Running Fit 
different values correspond to the 
German high precision fit, hole Abbreviated Designation for Free Running Fit—LL 
basis, for the same nominal size). nT aaioe 
Tolerance on shaft, 0.0005 in. 

(0.00116) ; tolerance on bore, 0.0008 
in. (0.00116); maximum §allow- 
ance, + 0.0011 (0.0022) ; minimum NN SS “No Go" Side 
allowance — 0.0002 in. (0). ‘his “Go” Side ! aati 
shows that on the larger shafts the pan, hepa ~T 7 not enter but at 
tolerance allowed in the proposed force. NS Ss aia 
American system was less than halt 
as great as that of the German high iiaistecini tes tl 
recision fit, which supports the 
pair made in the discussion New Gage Were Gage 
at the Standards Committee meet- Deviations in jini Go Side 
ing that the proposed tolerances Sete See ee — a [se Gage 
were too fine. No Go Side | Go Side | Caleulated| Calculated | ble wear 
a ee rea | som [snore com | ome | oom _| vom 
stance, for an 80 mm. outside diam- Above 3 to 6] +0.045 | +U.025/ 0.053 0.025 0.005 +0.020 
eter bearing the housing tolerance Above 6 to 10] +0.055 | +0.030 0.065 0.030 0.005 +0.025 
is 0.0010 in. (0.00085 in.); the Above 10 to 18 | +0.065 | +0.035 0.077 0.035 cr +0.030 | Plug Gage 
bearing diameter tolerance, 0.0005 Abeve_18 t 30 | +0.080 | +0.000| “= = an ra 
in. (0.00085 in.) ; the maximum al- Aver a0 so nae nee ou ose oo. ee 
ren face ney wi age ge Above 120 to 180 | +0.150 | +0.080 0.175 0.080 — on 
size of bearing listed (400 mm. Ahoce 6 300 1 1 ORre | eee a nom fe 
outside diameter) the figures are Above 260 to 360 | +0.190 | +0.100 0.225 0.100 0.018 +0.092 | j 
as follows: Housing bore tolerance. Above 360 to 500 | +0.220| +0.120} 0.250 0.120 0.020 kis Length Gage 
0.0020 in. (0.00145 in.); bearing Tolerance Units —_ | “9 was . - ‘se 
outer race vag 0.0012 I IN 2 A IM 
(0.00145 in.) ; maximum allowance, . eng 
0.0032 ads, minimum allow- Ree iene Sian seen nN aon ea 
ance, (0). 

Another S. A. E. standard in- 
volving a cylindrical fit is that of 
spring eye bushing and bolt ioler- 
ances. The tolerances on the eye 
bushings are set at + 0.001 and 
— 0.003 and those on the bolts at 








— 0.005 and — 0.008 in. 


Status of Movement in U. S. 


So far not much has been done in the United States to 
standardize cylindrical fits, but the machinery for tak- 
ing up the work exists here. The American Engineer- 
ing Standards Committee has designated the American 
Society of Mechanical Engineers sponsor for standards 
on gages and gaging and the subject of fits would seem 
to come within the province of the committee appointed 
under this arrangement. This committee has recently 
issued a questionnaire ‘dealing with the subject of fits 
and tolerances in general and no further steps will be 
taken until the replies to this questionnaire have been 
received and the information contained in them has been 
sifted and compared. 

A line of standardization work closely related to that 
on cylindrical fits is screw thread standardization, and 
considerable progress in this has been made by the Na- 
tional Screw Thread Commission, a progress report of 
which was issued only recently. The National Screw 
Thread Commission recommends the adoption of four 
classes of fit for screw threads—loose, medium, close 
and wrench fit, and two qualities of work (or subdi- 
visions) under medium and wrench fits. The commis- 


Sample German standard sheet giving tolerances for precision free running fits on the 


shaft basis. 


sion also recommends the adoption of the bore basis. 
That is, the pitch diameters of the minimum nuts for al} 
fits are the theoretical pitch diameters for the particular 
bolt size and all tolerances on nut pitch and other diam- 
eters are upward. The maximum screw is below basic 
for the loose fit, basic for the two medium fits and above 
basic for the close fit and the two wrench fits. The toler- 
ances on all screws are minus. 

If the recommended screw thread standards are 
adopted, as there is every likelihood that they will be 
(with possibly minor changes) the work of the Screw 
Thread Commission will furnish guidance for the Com- 
mittee on Gages and Gaging or that on Allowances and 
Tolerances if one should be appointed. The Bureau of 
Standards has expressed itself as follows on the various 
questions arising in connection with the standardization 
of cylindrical fits: 

“The Bureau is in favor of the use of the principle of 
the standard hole as against that of the standard shaft. 
There are, however, certain special cases in which the 
standard shaft is good engineering practice. For ex- 
ample, in machine tool building in cases where a single 
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Diagram in upper left hand corner shows tolerances for hole basis. The larger diagram shows tolerances for shaft 
basis. Both diagrams represent the German standard system for cylindrical fits. 


shaft runs in several bearings, requiring different quali- 
ties of fit, it is good practice to keep the shaft of uniform 
diameter and vary the journals to obtain the kind of 
fit required at each bearing. 


“It is the opinion of the Bureau that in general the 
minimum hole should be of basic size and that the toler- 
ances on the hole should be plus, and that the maximum 

(Continued on page 1283) 
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Definition 


Fit in general denotes the physical correlation of two 
parts joined together, and is characterized by the clear- 
ance or interference. 

Clearance is the free space between, bore and shaft. 

Interference is the amount by which the diameter of the 
shaft to be inserted exceeds the bore. 

Allowance is the difference between shaft diameter and 
bore; it is positive when the shaft diameter is greater 
than the bore and negative when the shaft diameter is 
smaller than the bore. Positive allowance is interference; 
negative allowance, clearance. 

Maximum and minimum limits are the extreme dimen- 
sions between which the actual dimensions of the com- 
pleted part must lie. 

Tolerance is the difference between the greatest per- 
missible (maximum) dimension and the smallest permis- 
sible (minimum) dimension of a piece of work. 

Minimum clearance is the difference between the min- 
imum bore and the maximum shaft diameter. 

Maximum clearance is the difference between maximum 
bore and minimum shaft diameter. 

Minimum interference is the difference between the min- 
imum shaft diameter and the maximum bore. 

Maximum interference is the difference between the 
maximum shaft diameter and minimum bore. 

Nominal dimension is the measurement which indicates 
the size of the part. 

Deviation is the difference between the actual and nom- 


of Terms 


inal dimension. 

The upward deviation added to or subtracted from the 
nominal dimension gives the maximum dimension. 

The downward deviation added to or subtracted from the 
nominal dimension gives the minimum dimension. 

Qualities of fit are grades of workmanship according to 
which the precision of fits is graded. 

Unilateral system is a system in which there are tol- 
erances,on one side of the nominal dimension only. 

Bilateral system is a system in which there are tol- 
erances on both sides of the nominal dimension. 

The bore basis is characterized by the following: 

The bore remains the same for any particular quality 
of fit, that is, the diameter of bore does not change with 
a change in the class of fit, whereas the diameter of the 
shaft is made different according to the class of fit. The 
downward deviation of the bore is zero, therefore the zero 
line is the lower limit of the bore diameter. Shafts on 
which there are fits of different classes must be offset. 

The shaft basis is characterized by the following: 

The shaft diameter remains the same for any particular 
quality of fit, that is, the shaft diameter does not change 
with a change in the class of fit, whereas the bore diam- 
eter is made different according ‘to the class of fit. The 
upward deviation of the shaft is zero, hence the zero line 
is the maximum or upper limit of the shaft diameter. 
Shafts on which there are fits of different classes may be 
either smooth or offset. 
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Storage Battery Equipment Important 
Design Problem 


The designer has before him the problem of selecting storage battery 
equipment and of determining its position on the car. This article dis- 
cusses the factors influencing performance and points out its intimate 
relation with owner satisfaction. Advantages of standardized equipment. 


By Donald D. Blanchard 


HE storage battery is to-day a most important part 

of automobile equipment. By the almost univer- 

sal adoption of battery ignition in passenger-car 
practice, the satisfactory performance of the car has 
been inseparably linked with the performance of the 
battery. It is, therefore, a matter of prime importance 
that the automobile engineer choose wisely when select- 
ing a battery for the car he has designed. 

In making a selection, the fact that the average owner 
is prone to neglect the battery should not be lost sight 
of. This is an unfortunate condition, but nevertheless 
one that must be met, and the car designer must choose 
a battery that will most satisfactorily withstand abusive 
service. He should select a battery that has the re- 
serve capacity to start the engine in cold weather when 
conditions are most unfavorable. He should locate his 
battery on the chassis where it will be convenient for the 
driver to maintain it. 

The car manufacturer does not warrant the perform- 
ance of such parts and equipment as he buys from other 
companies, and the battery is included in this class. 
However, when a car is sold, there is some moral obliga- 
tion that it will give satisfactory service in the hands 
of the owner. Despite the fact that the car manufac- 
turer is not responsible for the performance of the bat- 
tery, he is very much interested in it. The owner ex- 
pects service from his car, and if he doesn’t get it be- 
cause of an unsatisfactory battery, he is disappointed. 
The prestige of the car suffers in his mind, and in the 
minds of the people with whom he comes in contact. 

Satisfied owners are becoming an increasingly impor- 
tant factor in automobile merchandising, and in this 
competitive market the dealer needs ali the assistance 
that he can get from this source. A battery that is not 
selected purely on the performance basis, jeopardizes the 
prestige of the car. Free service on the battery under 
the warranty is performed by the battery service station, 
and consequently the dealer is not under any direct ex- 
pense if the battery gives trouble. But an unsatisfactory 
battery increases the selling expense because the dealer 
does not have all the assistance that satisfied owners 
can give him. 

Capacity is perhaps the most important factor in bat- 
tery performance. The battery must be able to start the 
engine in cold weather when the oil is congealed, when 
the fuel vaporizes poorly, and when the normal capacity 
of the battery is very materially reduced. These are 
the most difficult conditions under which the battery 
must operate. They are the conditions which the engi- 
neer must have in mind. 


Increased capacity naturally means increased cost. 
Capacity can only be secured by increasing the size of 
the battery. But the difference is hardly worthy of a sec- 
ond thought when considered in comparison with the 


resultant increase in owner satisfaction. On a large 


production job, a small saving on each battery amounts 
to a considerable sum, but it is an economy that is dear- 
ly paid for. 


A somewhat parallel case is found in tire equipment. 
Some years ago fabric tires were standard on all makes 
of cars. Since the development of the cord tire there 
has been a gradual change until now most makes are 
equipped with this type of tire. The cord tire is more 
expensive, but it gives better service. Car manufactur- 
ers have found that this addition to the first cost has in- 
creased the salability of their products. There is no 
reason to believe that a similar investment in an over- 
size battery would not produce results that would justify 
themselves. 


Careless Owners 


The careless owner is another factor that the engi- 
neer must consider in the selection of the battery. An 
analysis may show that a certain size of battery will 
meet the needs of the car assuming that the driver takes 
care of the battery and uses it judiciously. But the bat- 
tery that is dependable under favorable conditions such 
as these, may be very unsatisfactory in the hands of a 
driver who does not bother to maintain it. A battery 
with reserve capacity is needed to keep this man’s car 
on the road. 

A statement that car manufacturers have economized 
on the first cost of batteries would be impossible to prove, 
nevertheless there are battery service men who believe 
that, in many cases where battery trouble is experienced, 
it is the result of the car manufacturer’s economizing on 
this important piece of equipment. The belief is also 
current that battery trouble is often traceable to the fact 
that the battery specified for the car is too small. 


Some years ago O. W. A. Oetting of the Willard Stor- 
age Battery Co., presented a paper before the Society of 
Automotive Engineers, in which he gave a table of rec- 
ommended battery capacities as related to piston dis- 
placement. The writer applied this criterion to about 
forty popular makes of car, and found that about 25 per 
cent of them are equipped with batteries that are too 
small. There are no records to show, however, that the 
makes of car that do not measure up to this criterion 
experience more battery trouble than those which meet 
its requirements. 
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Price should not enter into the selection of a battery. 
If a car must be built to sell at a certain price, the bat- 
tery is the wrong place to economize. It is one of the 
weak links on which the chain of owner satisfaction is 
dependent, and it is well worth while to bolster up its 
strength in every possible way. 


Plate Thickness 


The effect that the thickness of the plate has on the 
life and service of a battery also merits serious consid- 
eration. The capacity of a cell depends on its positive 
plate area and, in the automobile battery, this area has 
been made large in order to get sufficient current for 
starting. The weight and bulk of the battery must be 
kept down, however, and this has caused the use of a 
plate that is comparatively thin. The thin plate has two 
disadvantages: First, it is mechanically weak in the 
direction of the stresses produced by buckling. Second, 
due to the gradual disintegration of the active material 
in the positive plate, the thick plate has a longer life 
than the thin plate, inasmuch as it has more active 
material to shed, than a thinner plate. 

Considerations of weight, bulk and price have doubt- 
less influenced the selection of the thin plate battery. 
But it seems that it might be worth while to disregard 
these objections because of the important advantages 
of the thicker plate. The advisability of this procedure 
is indicated by the unusually successful results that 
have been obtained with thick plate batteries in pas- 
senger car service. It is not uncommon to find batteries 
of this type that have seen four and five years’ service 
~vithout being opened. 

The thin plate will give dependable service provided 
it receives proper care and is used judiciously. But it 
lacks the ruggedness of the heavier plate, and conse- 
quently will not stand up as well under abuse. For this 
reason the thick plate is preferable, as the average driver 
does not show any particular interest in the battery un- 
til it refuses to crank the engine, or fails to supply cur- 
rent for the ignition and lights. 

The rate at which charging current is supplied to the 
battery by the generator has a determining effect on bat- 
tery performance. The driver who makes long daylight 
runs at touring speeds makes a very small demand on 
the battery, while a doctor who uses his car for making 
calls in a city puts a very heavy load on the battery be- 
cause of the number of starts and the shortness of the 
intervening runs. A charging rate that would keep the 
doctor’s battery in good shape would overheat the other 
man’s battery, and a charging rate that would answer 
for the first man would starve the doctor’s battery. 

The charging rate is ordinarily set by the manufac- 
turer of the electrical equipment to meet the require- 
ments of the average driver as nearly as they can be 
judged. Some electrical manufacturers seal this adjust- 
ment, and their warranty is invalidated if the adjustment 
is changed without their authorization. It is not gen- 
erally believed that the typical owner has sufficient 
knowledge and experience to make this adjustment. 

Assuming the correctness of this viewpoint, it appears 
that it would be well worth while for dealers to watch 
all cars they sell for some weeks after delivery, in an 
effort to determine whether the current adjustment on 
the generator is correctly made for the needs of the 
individual driver. This is a problem for the dealer to 
handle, but the manufacturer might well exert his influ- 
ence to secure a more general adoption of this policy. 

However, there are some practical men who do not 
believe that the adjustment of the charging rate is be- 
yond the ability of the owner. They believe that this 
adjustment should be made accessible so that the owner 





can change it conveniently. One battery man with whom 
the writer talked goes so far as to say that the adjust- 
ment should be brought up to the dash. He argues that 
this adjustment is very nearly as important to the opera- 
tion of the car as the adjustment of the carbureter. 


Owner Education Difficult 


It seems to be an impossible job to educate the owner 
into taking care of his battery. He will keep oil in the 
crankcase, and perhaps give the various grease cups 
that are distributed around the car a little attention now 
and then. But the battery is- hidden from his view, and 
may not give any warning of its condition until expen- 
sive repairs are necessary. Its chances of being main- 
tained are very poor. 

The battery manufacturers are attempting to combat 
this negligence by giving periodical free inspections, 
and they are meeting with some success. The automobile 
manufacturer can Help in this work by making it easy 
for the owner to maintain the battery by putting it in 
an accessible position. The battery has been put in 
almost every part of the chassis, often without giving 
the convenience of the owner and the service station 
the slightest thought. From the standpoint of accessi- 
bility the most desirable position is in a box on the 
running-board, but present styles demand clean running- 
boards. This is where the battery was first placed, and 
it would be a good thing for battery performance if it 
were returned to this position. 

In placing the battery in the chassis the engineer 
should consider both the owner and the service station. 
The owner adds distilled water and makes hydrometer 
tests. At least he should do this, and the chances of 
his doing so are immeasurably enhanced if he can do 
the job without removing a large number of parts and 
going through a lot of gymnastics. The service station 
has to remove the battery, and it should be placed so 
that it can be lifted out with a straight pull. By making 
the battery accessible and easily removable, the charges 
the owner must pay for battery service will be reduced. 
The battery should not be placed near the exhaust pipe, 
since it gets rather warm in summer and any outside 
heat only makes conditions worse. 

There is a need for an instrument that will show both 
water level and state of charge in all cells by means 
of an indicator on the dash. Various devices have been 
developed which partially fulfill this need, and some 
of them have considerable merit. But none of them 
indicate the battery condition completely. One of them 
indicates conditions in one cell, another warns of exces 
sive temperatures by means of a thermostat clamped on 
the connector, and a third provides for measuring the 
voltage at a fixed discharge rate. An instrument that 
would indicate battery conditions completely should have 
a wide sale and should lead to improved battery per- 
formance. y 

Car manufacturers have done much to simplify the 
problem of battery service within the last few years by 
the adoption of standardized types of batteries. There 
is still room for improvement in this respect, but con 
ditions are much better than they were some years ago 

The battery must be proportioned to the size of the 
engine. This precludes the possibility of having one 
battery that will be standard for all cars. But it is 
possible for the automobile engineer to arrange th: 
chassis so that a standardized type in the capacity re- 
quired can be used. There is no good reason why tw? 
cars, having 6-volt electrical systems and using 100- 
ampere-hour batteries, should not use the same type of 
battery. The reason this is not always possible is be- 
cause the shapes of the battery compartments are n° 
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the same and the leads are not brought out in the saine 
manner. 

The use of standardized types in the different capaci- 
ties has two important advantages. First, the cost of 
the battery is reduced, due to the economies of large 
production, and, second, the problem of supplying service 
is simplified. 

The battery service station must be prepared to supply 
a new battery for any car, and also to supply a rental 
battery to the owner whose battery is undergoing 'c- 
pairs. If the car manufacturer arranges his chassis so 
that a special battery is required for it, then the dealer 
must stock new and rental batteries in order to render 
service on this car. On the other hand, if the car is 
designed for a battery that can be used in several other 
makes of cars, the dealer can economize on his stock. 

In 1920 cars this difficulty is less pronounced than in 
previous years. In fact, each year has seen a reduction 
in the number of battery types required for the better 
known makes of car. A survey of forty popular Ameri- 
can cars shows that eleven different types of batteries 
are required for these automobiles. The word type covers 
the size of plate, number of plates per cell, number of 
cells and the arrangement of the cells, but does not 
include the form of terminals required. Four plate sizes 
are: used in these eleven batteries. 


Standardized Terminals 


Standardized terminals are not as important as stand- 
ardized types. It is a simple matter for the service 
station to provide terminals that will fit the cables on 
the car. However, standardization of terminal forms 
has not progressed as far as the standardization of bat- 
tery types. Seventeen terminal arrangements are re- 
quired for the forty makes of cars considered. 

One battery out of the eleven fits ten of the forty 
cars. Five of these cars have the same terminal arrange- 
ment, but four different terminal arrangements are re- 
quired to service the other five in this group. The most 
favored terminal construction is the bare taper post 
to which the cables are clamped. It provides the simplest 
arrangement for the service station and appears on more 
cars than any other form of terminal. It would doubt- 
less be an improvement if all manufacturers adopted 
this type of terminal, as the construction gives very 
satisfactory service. 

The present method of handling standard equipment 
batteries is not entirely satisfactory. If the battery is 
shipped wet, its life commences just as soon as the bat- 
tery manufacturer puts electrolyte into it. From there 
if goes to the car manufacturer, who installs it in the 
car. The next step is the shipment of the car to the 
dealer, who, in turn, delivers it to the customer. If the 
demand is ahead of production, a comparatively short 
time elapses before the battery is in actual use. 


Wet or Dry? 


The longer the period that elapses between the time 
the battery is made ready for service and the time it 
actually goes into service the shorter will be its useful 
life. Furthermore, if the battery is not given an occa- 
sional boosting charge during the period before delivery, 
there is a strong possibility that its plates will be dam- 
aged. This is a real objection at this time, because there 
are instances where batteries have been in the hands 
of the car manufacturer and dealer for over a year before 
delivery. 

In the case of a battery that is shipped dry, no loss 
of life or plate deterioration takes place. However, this 
practice is also open to objection. When a dealer goes 
to the freight station to get a car he must take a battery 


with him to replace the dry-shipped battery that comes 
with the car in order to get current for the ignition 
and starter. The battery shipped with car must then 
be prepared for service. In some places this matter is . 
handled in the following manner: The car dealer takes 
the dry battery to the battery service station, who gives 
him a battery that is ready for service in exchange, 
charging the dealer a small fee for the work involved. 

Shipping the battery wet is open to the objection that 
the customer may get a battery which has used up much 
of its useful life. Shipping the battery dry is open to 
the objection of the trouble and expense of putting a 
serviceable battery in the car. It has been suggested 
that both of these objections could be obviated if the car 
were shipped to the dealer without a battery. When 
the dealer sells the car he could draw on the local battery 
dealer handling the battery which is specified as stand- 
ard equipment for a battery to fit the car. In this way 
every car purchaser would get a new battery, and the 
dealer would not have the expense of switching batteries. 
This method might introduce some complications, but it 
is thought that a satisfactory method of handling stand- 
ard equipment batteries in this manner could be worked 
out. In the case of batteries shipped wet it would be 
a decided improvement over the present method. 

On the whole, the battery gives reasonably satisfac- 
tory service in view of what is expected of it and the 
care it receives. The most important factor affecting 
its life and dependability is the care and use given it 
by the driver of the car in which it is installed. A great 
deal can be done to improve battery performance by the: 
education of the owner on these points. 





Tolerance Systems for Cylindrical Fits 
(Continued from page 1280) 

shaft should be of such a size as to give the quality of 
fit desired, all tolerance on the shaft being minus. This. 
rule should be strictly adhered to for interchangeable- 
manufacture. In case selective assembly is to be em- 
ployed then the tolerance on the shaft may properly be 
plus. 

_ “A temperature of 68 deg. F. (20° C.) was adopted by’ 
the Bureau of Standards and by the War Department as. 
the standard temperature for all munition gages in 1917,. 
and was used in all gage work during the war. This tem-. 
perature has also been selected by the National Screw’ 
Thread Commission as the temperature at which all 
gages and gaged products should be standard, and has 
been adopted by the S. A. M. E. Sectional Committee on 
Plain Limit Gages. This temperature is coming more 
and more into use in this country and seems likely to be: 
very generally adopted.” 





HE trials of the rigid airship R-80, which has been 

built by Vickers, Ltd., at Barrow, are now in prog- 
ress. It will be recalled that some changes have been 
made in the structure of the airship since she was orig- 
inally launched in July last. In the altered form she- 
has a gas capacity of 1,250,000 cubic feet, a gross lift 
of 38% tons and a disposable lift of about 171% tons. 
The propelling power consists of four Wolseley-Maybach 
engines, each of 230 horsepower. Two of them are 
housed in the forward gondola and geared to a single 
propeller, the others being carried in single units in the 
wing gondolas. The R-80, at the cruising speed of 50 
miles per hour, would have, it is estimated, a radius of 
6500 miles. The R-36, which is being built at the Beard- 
more aerodrome at Inchinnan, is nearing completion, 
and will be ready for her trials in the course of a few 
weeks. 
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An Estimate and Analysis of Various 
Forms of Tractor Transmissions 


Generally speaking, the smallest number of gear reductions is the best 


on tractor transmissions. 


The statement must be qualified, however, and 


this article discusses the advantages and disadvantages of the various 


types of gears. 


Several gear calculations are worked out by the writer. 


By P. M. Heldt 


mobile, as the average American passenger car runs 

upward of 90 per cent of the time on high gear, in 
which case the engine power is transmitted through only 
a single pair of gears. These gears, moreover, are cut 
very accurately, in order to insure quiet operation, and 
accuracy of tooth form at the same time insures high 
efficiency of transmission. 

In a farm tractor, on the other hand, where the speed 
reduction between the engine crankshaft and the driving 
wheels is about ten times as great as in a passenger car, 
there are practically always several pairs of gears through 
which the power is transmitted successively before it 
reaches the driving wheels. The number of gear reduc- 
tions and the arrangement of the gears are matters in 
regard to which a great deal of difference of opinion still 
persists. Generally speaking, the smaller the number of 
gear reductions the better, but the statement requires 
some modifications. The smallest number of reductions 
is the best only if it permits of safe maximum tooth 
pressures, gear wheels not too large in diameter so they 
can be fully enclosed, an adequate ground clearance, and 
a suitable location of the engine and power take off. 

Representative figures determining the gear reduction 
required are as follows: Engine speed, 900 r.p.m.; drive 
wheel diameter, 54 in.; plowing speed, 234 m.p.h. The 
driving wheels of such a tractor would rotate at 

234 & 5280 & 12 

54 X 3.1416 x 60 

and the gear ratio therefore must be 
900 

17.1 


Such a large ratio can hardly be obtained in two steps 
by means of spur and bevel gears and where these types 
of gear are used exclusively it is customary to have three 
sets. This is the more necessary because the low speed, 
which is usually only about two-thirds the high, is ob- 
tained by the same number of gear reductions. This 
speed is sometimes as low as 114 m.p.h. and then requires 
a speed reduction of nearly one hundred to one. 

Almost all the known transmission devices are em- 
ployed in tractors, including spur gears, internal gears, 
bevel gears, worm gears, roller chains and friction disks. 
Of these the spur gear is used most extensively, undoubt- 
edly because it has a balance of advantages in its favor, 
when cost of construction, efficiency of operation and ease 
of mounting are considered. There is hardly a tractor 
that has not at least one pair of spur gears in its trans- 
mission train. Bevel gears are used where the power has 
to be transmitted between shafts at right angles to each 
other. They are considered as rather undesirable by 


(—— losses are a small item in the euto- 


= 17.1 r.p.m. 





= 52.6 





some designers, and in order to obviate the need for them, 
four-cylinder engines are sometimes placed transversely 
across the tractor frame, giving rise to what is known as 
the all spur gear transmission. With twin cylinder or 
horizontal opposed engines the crankshaft naturally ex- 
tends across the frame, while if a four-cylinder vertical 
engine is thus placed it gives the impression that the de- 
signer is going out of his way to avoid the bevel gears. 
There are three objections to bevel gears. In the first 
place, they cannot be cut as accurately as spur gears; 
secondly, they are more expensive to manufacture than 
spur gears, and, lastly, they create a great deal of end 
thrust which must be provided for in the bearing design. 
On account of the lesser accuracy of tooth form and the 
greater total bearing pressure, the bevel gear is undoubt- 
edly slightly less efficient than the spur gear. Owing to 
the fact that bevel gears nearly always overhang their 
bearings, the radial loads of bevel gears usually are con- 
siderably greater than the loads due to corresponding 
spur gears. Where a pair of bevel gears is used it is not 
usual to obtain any great reduction in speed from it. Thus 
under certain conditions one more pair of gears may be 
required to obtain the predetermined reduction than if spur 
gears were used exclusively. Contrary to automobile 
practice, the bevel gearset is generally placed at the for- 
ward end of the transmission instead of at the rear end. 
The advantage of this is that the thrust loads to be vro- 
vided for are very much smaller. 


By the use of the worm and worm wheel for the trans- 
mission it is possible to locate the engine with its axis in 
a fore and aft direction and yet do without a pair of 
bevel gears. It does not matter whether the worm is the 
only transmission element, that is, whether a single re- 
duction is used, or not. A single step reduction by worm 
and wheel is used in the Coleman tractor, a diagram of 
the transmission of which is shown on opposite page. In 
its earlier form the Coleman had only a single speed, the 
power being transmitted directly from the engine crank- 
shaft through the worm and wheel to the rear axle. The 
present model has two forward speeds, the high speed 
being a direct drive and the low speed a back-geared 
drive. A transmission of this type has the advantage of 
great simplicity of construction and should be cheaper to 
produce than any other system. The tooth pressures 
undoubtedly are very high, and so also are the thrust loads 
which must be provided for. Neither the tooth pressure 
nor the thrust load is as great, however, as in a tractor 
with final drive by worm and wheel and a first reduction 
by some other form of gearing, for while the rear axle 
torque would be the same the worm wheel pitch diameter 
would be less in the double reduction drive. The double 
reduction transmission, including one reduction by worm 
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and wheel, is used in the Fordson and several other 
tractors. In the Fordson the worm and wheel constitute 
the final drive, while in the others it constitutes the first 
reduction. The advantage is claimed for this latter ar- 
rangement that a worm gear is most efficient at high 
speeds, while a spur or internal gear is most efficient at 
low speeds of rotation. For a given horse power trans- 
mitted the tooth pressure is lower the higher the speed of 
the worm, and there is therefore less danger of forcing the 
film of oil from between the teeth of the worm and wheel. 
The rather low efficiency of the spur and internal gear at 
high speeds is due to inaccuracies in the form of the teeth 
which give rise to violent shocks at high speeds. A first 
reduction by worm and wheel and a second reduction by 
internal gears is used on the Dart tractor and a first re- 
duction by worm and wheel aud a final reduction by spur 
gears inclosed in the central case is used on the W-S-M 
and the Farquhar tractor. 

Two step reductions with spur gears only are occa- 
sionally used, the Avery furnishing an example of this 
form of construction. This necessitates rather low en- 
gine speeds and large diameter gear wheels. For instance, 
if the engine speed is 600 r.p.m., the drive wheel diameter 
48 in., and the plowing speed 234 m.p.h., the reduction 
ratio between engine crankshaft and rear wheels needs to 
be only a little over 31, and this can be obtained in two 
steps. The wheels, however, will be so large in diameter 
that it is practically impossible to enclose them, and 
tractors of the all enclosed type with spur gear transmis- 
sion always have more than two steps to the transmission. 

The three step reduction is undoubtedly the most popu- 
lar type of transmission, being found in many different 
designs of tractors with both all spur gear and spur and 
bevel gear transmission. If there is any type of tractor 
transmission that may be said to be typical in that it is 
used on a greater number of designs than any other, it 
is the three step transmission with a first reduction by 
bevel gears and the other two reductions by spur gears. 
The sliding pinions are then mounted on the shaft carry- 
ing the wheel of the bevel gearset. This involves sliding 
the pinions on a transverse shaft, which is not quite as 
convenient as sliding them on a longitudinal shaft, but 
as the gears of a tractor are shifted only very rarely and 
then only while the tractor is stationary, this is not a 
serious objection. It is not an easy matter to get along 
with less than three reductions, unless a worm drive is 
used, because with spur and bevel gears the wheels be- 
come so large that it is practically out of the question 
to enclose them. 

With a three step transmission the last set of gears 
may be placed either on the wheels in the form of buli 
gears, in which case they are, of course, either entirely 
exposed or only imperfectly enclosed, or else placed at the 
center of the axle and enclosed within the axle housing. 
The latter arrangement is being favored more and more, 
because exposed gears cannot be lubricated and wear out 
rather rapidly. In the former class with the final drive 
at the wheels must be included a few with exposed chain 
drive to the wheels. 

After the three step transmissions come the four step, 
and these, too, are quite numerous, especially among the 
older designs of tractors. These tractors in a great many 
cases have wheels of very large diameter, and as they are 
intended for plowing at low speed they require a very 
large reduction ratio. 

The accompanying sketches show diagrammatically the 
arrangement of the power transmitting members on a 
large number of American machines, including representa- 
tives of practically all types. 

It has become very common to use teeth with 20 deg. 
pressure angle, tractor designers following automobile 
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practice in this respect. The 20 deg. pressure angle has 
the advantage that there is less undercutting in the pin- 
ions, and consequently the teeth are much stronger. ‘The 
Fellows stub tooth, in which the radial tooth elements are 
the same as those of a standard involute gear tooth of a 
diametral pitch two numbers higher, is probably most 
widely used, but there is also some call for full depth 20 
deg. teeth, while recently an attempt has been made to 
standardize the depth of stub teeth at 0.8 the depth of 
standard 141% deg. involute teeth. 


Gear Calculations 


In the selection of the pitch the designer does not have 
much guidance of a theoretical nature. There is, on the 
one hand, a leaning toward the finer pitches, because iheir 
use permits of a greater reduction being obtained by 
means of a single pair of gears. The minimum number of 
teeth in the pinion is more or less fixed, and the finer the 
pitch the smaller will be the wheel diameter for a given 
reduction ratio or the greater the reduction ratio for a 
given wheel diameter. On the other hand, a coarser pitch 
gives a stronger tooth. There should evidently be some 
relation between the pitch and width of face. If the 
width of face is exceedingly great it is impossible to 
obtain uniform tooth pressure over the entire width, and 
part of the faces may even be entirely out of contact. 
The best width is evidently the maximum for which fairly 
uniform contact is obtainable. If, with a certain pitch, 
the required width figures out greater than this, it is ad- 
visable to choose a coarser pitch, which will permit of a 
smaller face width. In industrial gear design it has '.een 
a long established practice to make the face equal to eight 
divided by the diametral pitch. It is believed that, owing 
to improvement in mounting practice since this rule was 
adopted, it is now practical to go to a face width equa! to 
10 divided by the diametral pitch. In automotive work 
the accuracy of mounting is certainly equal to that in the 
best industrial work and face widths as arrived at by the 
latter rule are not excessive. Ten divided by the diam- 
etral pitch is substantially equal to three times the circular 
pitch. 

Let us assume an engine delivering 25 b.hp. at 900 r.p.m. 
This corresponds to a torque of 


25 < 33,000 


900 X 6.28 = 146 lb.-ft. 
or : 


12 < 146 = 1750 lb.-in. 


For the low speed a reduction ratio of about 64 to 1 
may be required. This can be obtained in th~ee stops so 
proportioned that the driven wheels will incyease in di- 
ameter fairly gradually from front to rear. The first step 
is generally made rather small, one of the reasons heing 
that the first reduction pair precedes the sliding gearsets, 
and the higher the reduction ratio the more difficult it is 
to slide the pinions on the splined shaft. A first reluc- 
tion of 2 to 1 corresponds closely to current practice, and 
this leaves a total reduction ratio for the intermediate 
(low speed) and final reductions of 32 to 1. Both of these 
reductions may be made the same, or about 5% (to 1. 
Owing to the use of finer pitch teeth in the interme:iate 
as compared with the final reduction gears, the inte:me- 
diate wheel will have a diameter about midway between 
the bevel gear and the rear axle gear, thus giving a #"ad- 
ually deepening form of gearcase. 

With bevel gears in automotive practice it is customary 
to make the face width equal to one-quarter the pitch !ine 
length. The maximum face length permissible in hevel 
gears is one-third the pitch line length, and somevhat 
smaller lengths are better because more nearly uni!orm 
pressure along the face of the tooth is assured. 
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A formula for the strength of bevel gears is as follows: 
SLpy 


r= 3 


(1— a’) 


where 

= the tangential force on the maximum pitch circle of 

the pinion. 

= the permissible stress in the gear teeth. 
the pitch line length. 
the circular pitch. 
the Lewis constant for the number of teeth in the 

pinion. 
a — the ratio between face width and pitch line length. 

This equation can be transformed into a somewhat more 
convenient form. 


1 1 N 


Let 
c = (1 —a’*) = the face width factor. 
Y= bate ratio. 
nm = number of teeth in pinion. 
d = the maximum pitch diameter. 
and 
T = the torque to be transmitted, in Ib.-in. 
Then 
se _T , 
and 
sf 
ns 
Also 
a dx 
P= Tn 
and 





L=V('%)'+ (°/2)' d= vd 


Substituting in the above formula we get 
27 _ Sx Vv Cyt C2 dXdeXyXe 








n 
which simplified gives 
Svadyc 
T= —>~— 
2n 


The values of v, y and ¢ can be obtained from the three 
tables herewith. 

As the gears will be small in any case it is better not 
to use too small a number of teeth in this set. We will 
assume ‘that the pinion has 18 teeth and the gear 36 to 
give the assumed reduction of 2 to 1. The stress in the 
teeth for heat treated gears may be taken at 16,000 lb. p. 
sq. in. Inserting values in the equation for strength, 


3.14 & 16,000 & 1.12 K @ & 0.131 X 0.193 
2X 18 





1750 = 


39.5 
, 1750 | 
@ = 355 = 444 


d = W 44.4 = 3,54 in. 


This should be the maximum pitch diameter. As there 
are 18 teeth, the diametral pitch will be 
18 
354 —_ 


vhich is very close to 5, and 5 pitch teeth must be used. 
Che true maximum pitch diameter will then be 


18 
“B 


Tke torque on the intermediate pinion shaft will be 
«500 in.-lb. Taking the Lewis formula for gear tooth 


strength 
F=Spfy 


= 3.600 in. 








Here again 
2T 
F = “—— 
and, substituting, 
2T 
— Sfpy 
Also, 
as an 
>= — 
and 
38d 
f=3p=——" 
Substituting again 
oF 38dzx 
= =8x 2x OSE xy 
mp  oS@r ma. ° 14.8 Sd y 
T= ; ; 
2 n n 


As stated above, T = 3500. Let S == 16,000 Ib. p. sq. in. 
Assume n=12. Then 


14.8 X 16,000 x d* X 0.104 














_— 12X12 
7 3500 « 12 & 12 ; 
ats 14.8 X 16,000 2 0.104 — i 
d = 2.74 
The diametral pitch would be 
12 
mr 
Assume 2 = 18 
Then 
dives 3509 x 13 X 13 = 225 
14.8 < 16,000 X 0.111 
d = 2.825 
The diametral pitch would be 
13 
2825 => 4.60 
Assume n = 14 
Then 
= 3500 * 14 14 “a 
14.8 X 16,000 X 0.117 eee 
d = W 24.8 = 2.92 
and the diametral pitch is 
14 
a = 2.92 
Assume n = 15, then 
ites 3500 K 15 & 15 973 





14.8 * 16,000 « 0.122 
d = ¥ 27.3 = 3.01 

and the diametral pitch is 

15 

3.01 
Any of the above pinions would do so far as strength is 
concerned but fractional pitches ordinarily are not used, 
and therefore the last mentioned should be chosen, that is, 
a pinion of 15 teeth and 5 diametral pitch. We have as- 
sumed that the face width is 3 times the circular pitch; 
hence 


= 5 substantially. 


3.1416 X 3 


= 1.88 in. (1% in.) 





The mating gear will then have 
5% X 15 = 85 teeth. 
The torque on the final reduction pinion will be 5% 
times as great as on the intermediate pinion. The neces- 
sary increase in strength will be obtained by increasing 
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the circular pitch, the pitch d‘ameter and the width of 
face, each factor in the same prc portion as far as possible. 
The multiplying factor therefore will be 
W 5.67 =1 8 

This would make the circular pit: 

2.1416 1.78 

5 
The nearest standard circular pitch t= 1.05 (3 diametral 
pitch). The face width is again 3 tinw= the circular pitch 
which makes it 
3 1.05 = 3.15, say 325 in. 

and since the product pitch diameter * vireular pitch 
face must be 5% times as great for the final drive as for 
the intermediate pinion we have 


3X 0.63 & 1.87 K 5.67 = x X 1.05 & 3.25 
3 0.63 & 1.87 & 5.67 
~ 1.05 X 3.25 
Hence the number of teeth required wuuld be 
3 X 5.86 = 17.6 
However, owing to the much lower peripheral speed ‘t is 





in 


= 5.86 in. 





Federal Aid Roads Under 


F the 22,030 miles of Federal aid roads which have 

been built or are now under construction, more 
than two-thirds are earth roads, sand clay, or gravel, 
says the chief of the Bureau of Public Roads, United 
States Department of Agriculture. These have cost less 
than one-third of the total amount expended, as com- 
pared with nearly 50 per cent of the estimated cost 
applied to 4890 miles of hard-surfaced roads. A study 
of local conditions by an engineer of the bureau is neces- 
sary before a road project may receive Federal aid. 

The type of road to be used and the most suitable sur- 
face with respect to the traffic of the locality must be 
determined. Service must be satisfactory, while costs 
must be kept low, both for building and maintenance. 
There must be a careful analysis both of the engineering 
and economic conditions for each particular project. 
There are individual considerations in every case which 
affect the determination as to the best type of road ma- 
terials for that locality. 

The mileage of Federal aid roads which have been 
built or are now under construction is nearly sufficient 
to encircle the globe. This is the record of work accom- 
plished since July, 1916, when the Federal Government 
first stepped in to aid in the enormous task of building 
highways that are now called upon to carry more than 
9,000,000 motor vehicles plus a very substantial horse- 
drawn traffic in the forty-eight States. The Federal aid 
law is well named. The Department of Agriculture 
has given the broadest possible construction to the law 
for the purpose of providing the greatest mileage of 
highways suited to the traffic to be carried over them 
at the minimum expense. An analysis by the Bureau of 
Public Roads of the projects under contract shows that 
all types of roads, from the graded earth road up to the 
finest paved surfaces, have been built. 


Use Many Kinds of Road Surface 


Granting that the preparation of the roadbed has been 
properly done, many kinds of road surfaces will give 
excellent service. The element of time is important. 
There are so many miles of roads to be constructed and 
their cost will be so enormous that the most careful and 


permissible to increase the stress in the metal from 16,000 
to between 18,000 and 19,000 lb. p. sq. in., and this ner- 
mits of the use of 15 teeth in this pinion also. 


VALUES OF REDUCTION VALUES OF LEWIS FACTOR 


FACTOR (v) y FOR 20 DEG. PRESSURE 

Reduction Reduction ANGLE FIGURED ON Basis 

Ratio, r Factor, v oF 0.75 STANDARD HEIGHT 

1:1 0.707 No. of Teeth y 

1:31.25 0.800 12 0.104 

1:1.5 0.900 13 0.111 

ga yg ° 1.006 14 0.117 

1:2 1.120 15 0.122 

1:2.5 1.345 16 0.125 

1:3 1.580 17 0.128 

1:3.5 1.820 18 0.131 

1:4 2.060 19 0.133 
FAcE LENGTH FACTORS (c) = ar 

= = 23 0.141 

0.18 0.150 25 « 0.144 

0.20 0.162 27 0.148 

0.22 0.175 30 0.152 

0.24 0.187 36 0.160 

0.26 0.198 48 0.171 

0.28 0.209 

0.30 0.219 

0.32 0.228 


Construction or Completed 


cetailed study of each road project must be made to 
provide, at the lowest possible cost, roads which will 
give satisfactory service and which can be maintained 
without undue depreciation under the traffic which is 
tc use them. Many times the question has been asked 
the bureau, What type of road is best? The answer is 
always the same: There is no one best kind or type. 

A recent statement issued by the officials of the bu- 
reau expresses this thought in the following language: 

“It is the policy of this bureau to consider the condi- 
tions on each individual Federal aid project, as there 
are elements, such as subgrade, drainage and present 
and prospective traffic, which vitally affect the deter- 
mination of the standards of construction to be used.” 

That is, there must be a careful analysis both of the 
engineering and economic conditions for each particular 
case to determine the kinds of materials that can be 
used successfully, and after these facts are determined 
then the various types of construction which can be 
used economically should be brought into competition 
to secure the best possible results. There have been 
occasional attempts to write into State laws or the gov- 
erning conditions of bond issues a requirement as to 
the type or kind of roads to be constructed. To follow 
such a course would be most unfortunate. 

The cost must always be considered in determining 
the type of road surfaces which are selected, and the 
allowable cost must be determined by the traffic which 
is to be borne. Local conditions vary to such an extent 
that very careful consideration must be given each proj- 
ect before determining the character or type of roa 
to be built. This principle was recently expressed to a 
chamber of commerce, asking for information, in the fo!- 
lowing language: 

“Types of highways should not be specified by law- 
This is a matter to be decided by the State highway 
department, in which should be lodged full authority 
both to construct and to maintain. Competition between 
different types of material should be maintained and 
selection made to fit traffic requirements in each case. 
The bureau does not recommend any one type to exclu- 
sion of others.” 


s 


<< 











‘921 


000 


eEY= 


ws Ve es ow 


‘ill 


u- 
li- 


nt 
.T- 
Boe 
ne 
ar 
pe 


ig 


n 
d 


l- 





June 16, 1921 








AUTOMOTIVE INDUSTRIES 1289 


THE AUTOMCBILE 


Specification of Electroplating for 
the Automotive Industry 


There is a need for scientific study of plating methods and of de- 
termining or specifying the quality of finished products. This article de- 
scribes uses and technical details of electroplating and points out the 
possibility of cooperation between technical men and electroplaters. 


By William Blum* 


automobile gives less conscious consideration to the 

kind or quality of electroplating upon it than to any 
other single factor. And it is equally true that in most 
cases the electroplating has very little effect upon the 
actual period of possible service of the car. It is prob- 
able, however, that the general appearance of the electro- 
plating may produce an unconscious effect upon the pur- 
chaser of a new car and certainly the condition of the 
plated metal parts has a very decided effect upon the 
appearance and salability of a used car. 

One reason for the small amount of consideration 
that has been given to electroplating in this and many 
other industries is that this process has been looked 
upon as useful chiefly for ornamental purposes and its 
value for the prevention of corrosion has been almost 
overlooked. Even though electroplating constitutes a 
very minor part of the total cost of a finished car or 
airplane, it must be given greater consideration than 
heretofore if uniformly satisfactory products are to be 
obtained. 


| is safe to say that the prospective purchaser of an 


Choice of Plating 


When electroplating is mentioned, nickel is the only 
metal which is considered by the average person and 
even by many engineers. There is a good reason for the 
extensive use of nickel plating, as this metal has a 
pleasing appearance and possesses to an unusual de- 
gree the property of resistance to tarnish under the 
usual atmospheric conditions. It is reasonable, there- 
fore, that wherever appearance is a primary considera- 
tion nickel plating should be employed, as indeed it is on 
many exposed parts of automobiles. Where the base 
metal is of brass it is probable that no other coating 
than nickel need be considered in the automotive indus- 
try, unless it is necessary to avoid the presence of bright 
coatings as in military airplanes. 

With steel parts, however, it is very essential that 
they be protected against corrosion, especially if they 
are relatively inaccessible and are not intentionally or 
incidentally coated with a film of oil. Where steel parts 
must be protected and where appearance is not a primary 
consideration, all experience indicates that zine coatings 
should be given preference. The value of zinc for this 
purpose depends upon the fact that when zinc and iron 
are in contact in the presence of moisture, the zinc is 
the more readily corroded and by virtue of this property 
it prevents the iron from corroding. This difference in 
the susceptibility of metals to corrosion is connected 





*Chemist, United States Bureau of Standards. Published by 
permission of the Director of the Bureau of Standards. 


with their relative positions in the electrochemical 
series, in which zine is above iron. If, on the other 
hand, iron is in contact with copper under similar con- 
ditions, the iron is more readily corroded than the cop- 
per (which is below iron in the series) and the presence 
of the copper actually accelerates the corrosion of the 
iron. 

Nickel beltaves somewhat similarly to copper, but, 
fortunately, its electrochemical potential is closer to 
that of iron than is the potential of copper, and, conse- 
quently, the presence of nickel does not appreciably ac- 
celerate the corrosion of the iron, although it does not 
prevent such corrosion if the iron is exposed. 

The question as to which kind of plating should be 
employed in any particular case depends very largely 
upon the purpose for which the articles are to be used 
and the degree of exposure to which they may be sub- 
jected. This problem of the proper choice of protective 
coatings for iron and steel received very serious con- 
sideration during the war, and extended investigations 
were carried out upon it at the Bureau of Standards. 
The results of these tests are summarized in Circular 
80 of the Bureau of Standards upon “Protective Metallic 
Coatings for the Rustproofing of Iron and Steel.” Dur- 
ing the war a suggested classification of protective coat- 
ings on military supplies was proposed by the Bureau of 
Standards’. In this proposed classification the four prin- 
cipal groups of present interest were as follows: 


(1) Metal requiring protection only during storage or 
transportation, for which the application of grease 
or slushing oils was recommended. 

(2) Metal for indoor use or for mild exposure, or which 
can be frequently cleaned and oiled. For this pur- 
pose almost any protective coatings that furnish the 
desired color, appearance and resistance to abrasion 
might be employed. Among the processes used are 
various kinds of plating, and the different chemical 
finishes including the oxide coatings such as blueing 
and browning, and the phosphate finishes such as the 
Parker Process. 

(3) For steel subject to moderate outdoor exposure or 
which it is desired to salvage, light zine coatings 
were recommended. 

(4) For steel exposed to severe outdoor or marine con- 
ditions relatively thick zine coatings should always 
be employed. 


If an attempt is made to apply such a classification to 
the automotive industries it is necessary to distinguish 
between the passenger car in which consideration must 





1Military Applications of Electroplating, by William Blum. 
Transactions of the American Electrochemical Society, 34, page 169, 
1918. 
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always be given to appearance, and the motor truck or 
airpiane in which strength and durability are the prin- 
cipai considerations. ; 

In general it may be stated that for the first group 
nickel plating must be employed on all prominently ex- 
posed parts, but zinc coatings should be specified for 
those parts which are not exposed or which can be cov- 


ered with a suitable paint or enamel. As an instance 
of the latter application may be cited the almost uni- 
versal use of zine plating (electrogalvanizing) in the 
manufacture of rims. For auto trucks and airplanes 
zinc should be used almost exclusively. In spite of the 
superior value of zinc in furnishing protection against 
corrosion it has been only within recent years that its 
use for many purposes has superseded that of nickel or 
the still more objectionable copper coatings. It is in- 
teresting to note that during the early part of the war 
practically all airplane parts were copper plated, and it 
was not until near the conclusion of the war that zinc 
plating for this purpose was adopted by the Navy De- 
partment and subsequently by the War Department. 
Even since that time, however, many airplane manu- 
facturers have continued the use of copper and nickel 
plating, and in one case within a year the author has 
seen a new airplane in which steel parts in immediate 
contact with each other were coated with four different 
metals, namely, copper, nickel, zinc and tin, although 
zinc might have been used to advantage on‘all! 

Practically the only extended application of copper 
plating in the automotive industries is in connection 
with case hardening where it is employed to protect cer- 
tain parts of the steel from the hardening action. The 
use of copper plating preparatory to nickel plating is not 
necessary and there is no evidence to show that steel 
plated with these two metals is any better protected 
against corrosion than if plated properly with nickel 
alone. In some cases the presence of the copper may 
actually accelerate corrosion of the steel when the latter 
is exposed by abrasion. 

Sometimes copper coatings are deposited previous to 
nickeling in order to furnish a surface which can be 
readily buffed to a high finish. A good illustration of 
this use of copper plating is in the manufacture of lamp 
reflectors which, if made of steel, are successively plated 
in the following baths: 

(1) cyanide copper, 

(2) acid copper (and then buffed), 

(3) nickel, and 

(4) silver, after which they receive the final buffing. 

Owing to the fact that zinc does not possess a pleas- 
ing appearance, and that it readily tarnishes and turns 
white on exposure, various methods have been proposed 
for covering the zine coatings. Nickel plating over zinc 
plating is sometimes carried out successfully, but even 
in those cases where initially adherent deposits of nickel 
are obtained, there is a marked tendency for the nickel 
to peel subsequently if the zinc is exposed either through 
porosity of the nickel, or its abrasion. Although paints 
and enamels do not adhere well to hot-galvanized sur- 
faces, good adhesion is usually secured upon the zinc 
plated or “electrogalvanized” surfaces. Where the en- 
amels are to be baked, it is frequently advantageous to 
heat the zinc plated articles to the temperature of the 
enameling ovens for a short time in order to expel any 
occluded gases or moisture. After the parts are cool 
the enamels are applied as usual and baked. By this 
method the chance of “blistering” of enamel is reduced. 


Basis of Specifications for Plating 


Having determined what kind of plating shall be used 
for a given purpose, it is possible to specify or control 





the quality of the product by either or both of two 
methods, which depend respectively upon: 

(1) the definition of the details of the process to be 
employed to insure a satisfactory product; or 

(2) the specification of certain properties in the fin- 
ished product. 

From the standpoint of the purchaser or user of equip- 
ment it is entirely immaterial what process is employed 
to yield a certain result, provided only that the product 
has the desired properties. In general it is preferable to 
avoid specification of process details, both because such 
a procedure tends to decrease the responsibility and 
initiative of the operator, and because it is practically 
impossible in the present state of the electroplating in- 
dustry to predetermine or control the exact conditions of 
operation. 

From the standpoint of the factory engineer, however, 
it is often essential to consider the details of the process 
in order that those conditions may be selected which will 
yield a product to meet any specified requirements. In 
attempting to fix the conditions for plating, every effort 
should be made to foster co-operation between the tech- 
nical staff and the plater. There is to-day a great need 
and demand for reliable information upon plating oper- 
ations, which can be met only by the harmonious co- 
operation of engineers and chemists with the electro- 
platers. The American Electroplaters’ Society, com- 
posed of foreman electroplaters, is working diligently to 
advance the state of this industry and will welcome ad- 
vice and assistance from all interested. 


Methods of Plating 


It is not within the province of this paper to discuss 
in detail the methods to be employed in plating, but it 
may be of interest to point out the various factors 
which may determine the quality of the product. 

In general the cleaning of metal preparatory to plat- 
ing is very essential to the production of adherent or im- 
permeable deposits. The cleaning operations usually 
consist of the removal of grease by means of suitable 
alkaline solutions and the removal of oxide or scale 
either by pickling or by mechanical processes, such as 
sand blasting. In cases of defective plating the clean- 
ing operations should be carefully investigated in order 
to determine whether they are effectively carried out. 

The composition of the plating solutions may have a 
very direct bearing upon the quality and particularly the 
uniformity of the work. In zinc plating, satisfactory 
results can be obtained both from sulphate and from 
cyanide solutions, although the latter usually possess 
better “throwing power,” i.e. ability to plate in deep re- 
cesses. The basis of practically all nickel plating solu- 
tions is nickel sulphate, which may be supplied either as 
such in the form known as “single salts” or in combina- 
tion with ammonium sulphate to form the so-called 
“double salts.” The beneficial effect of boric acid in 
yielding brighter deposits is probably due to the main- 
tenance of a slight acidity in the solutions. Ammonium 
chloride or sodium chloride is frequently added for the 
purpose of assisting in the corrosion of the nickel anodes, 
especially if they have a high nickel content. 

The composition and physical condition of the nickel 
anodes must be considered in connection with the com- 
position of the solution. Practically all the anodes used 
at present are cast anodes which contain iron and car- 
bon, frequently added intentionally to facilitate casting 
and the subsequent solution of the anode. 

The temperature of the plating bath may have an 
appreciable effect upon the character of the deposit. 
In general, deposits produced from warm baths are 
slightly coarser grained and softer than those from baths 
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at ordinary temperature. In the case of nickel, warm- 
ing of the baths may be advantageous in removing the 
tendency to brittleness of the deposits which is fre- 
quently observed. Until recently most electroplating 
baths were regulated by controlling the yoltage. More 
satisfactory results are obtained by the use of ammeters 
and the adjustment of the current to produce a certain 
current density (e.g. amperes per square foot) upon the 
work. By control of the current density and the time of 
deposition the average thickness of the deposit can be 
regulated. It is not now possible to specify even the 
desirable limits of all of the above factors in the opera- 
tion of plating baths, but engineers or chemists who are 
called upon to assist the electroplater should pay atten- 
tion to all of these points and determine if possible the 
optimum conditions for any given class of work. 


Specifications and Tests 


The usefulness and durability of any plated coating 
such as zine or nickel depends upon a number of fac- 
tors,.among which may be mentioned the thickness, dis- 
tribution, permeability, adhesion and hardness. Unfor- 
tunately it is very difficult to measure any of these prop- 
erties directly. The total amount of metal coating upon 
a surface may be determined by suitable stripping meth- 
ods, and the average thickness computed. Zinc coatings 
can be readily removed by the use of hydrochloric acid 
containing antimony chloride, which latter substance 
gives rise to the deposition of antimony upon the steel 
as soon as all of the zinc is dissolved and thereby pre- 
vents action of the acid upon the steel. 

It is more difficult, however, to secure any solution 
which will remove nickel quantitatively from steel. For 
this metal, therefore, it is usually necessary to dissolve 
off the entire coating together with an appreciable 
amount of the base metal and to determine the nickel 
content of the solution thus obtained. In any case, by 
this method of procedure only the average thickness can 
be computed and no indication is obtained regarding the 
uniformity of distribution, or the possible porosity of the 
deposit. The actual measurement of the thickness of 
the coating by microscopic examination of the cross sec- 
tion is useful in research work, but is entirely impracti- 
cable as a basis for regular inspection. 

Specification of the average thickness of the deposit 
does not insure a satisfactory quality; nevertheless, it is 
desirable within the factory to define and control the 
average thickness, in order to secure a consistent prod- 
uct. If uniformly distributed and free from pin holes it 
is probable that nickel coatings with an average thick- 
ness of 0.0005 in. will meet all ordinary requirements. 
To produce this thickness will require approximately 
10 ampere-hours per square foot; this may be secured 
by using 10 amperes per square foot for one hour, or 5 
amperes per square foot for two hours. The actual thick- 
ness of nickel plating in one plant was much less than 
0.0005 in., although the engineer in the plant felt quite 
confident that at least 0.001 in. was used! For ordinary 
purposes zinc coatings of 0.0005 in. are usually sufficient, 
although for extreme exposure 0.001 in. is desirable. 
For a thickness of 0.0005 in. of zinc about 8 ampere-hours 
per square foot are required. For very accurate work, an 
allowance should be made on dimensioned or threaded 
parts for the thickness of the plating. 

The methods which have been used for determining 
the distribution of the deposit depend essentially upon 
treatment with some reagent which will dissolve the coat- 
ing and will give an indication when the underlying 
steel is exposed. 

The most commonly used test for zinc coatings is the 
so-called “Preece test” in which the objects are im- 
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mersed in a neutral copper sulphate solution for suc- 
cessive periods of one minute each until an adherent 
coating of copper is obtained on any part of the object. 
Although this method is useful for distinguishing rough- 
ly between different samples of similar material, its 
value is limited by the fact that the rate of reaction of 
the copper sulphate is influenced by the structure and 
purity of the zinc coating, and consequently misleading 
results may be obtained, especially in comparing sam- 
ples produced by different methods—hot dipping, sher- 
ardizing and electroplating. There is need for the de- 
velopment of a similar method for determining at least 
the -relative thickness of nickel coatings. 

The permeability of coatings may be determined by 
the use of suitable reagents which will indicate whether 
at any points the underlying steel is exposed. The most 
common of these tests is the so-called “ferroxyl” test 
which is used in various modifications, but in each case 
depends upon the detection of exposed steel by means 
of ferricyanide. Thus, if nickel plated steel is treated 
with a solution containing 1 per cent of potassium ferri- 
cyanide and 2 per cent of sulphuric acid, blue spots will 
appear very quickly at any points where the steel is ex- 
posed. This test may also be applied for determining 
the permeability of coatings of copper, lead, tin or other 
metals which lie below iron in the electrochemical series, 
but is not applicable to the testing of zinc-coated steel. 

A suitable corrosion test may prove more useful in 
determining the value of protective coatings than any 
of the specific tests above mentioned. The ideal cor- 
rosion test would be based upon exposure to actual con- 
ditions of use. Such a test would require, however, so 
long a period of observation that the results would not 
be of value in determining the quality of any particular 
lot of material. In consequence various “accelerated” 
tests have been proposed. When an accelerated test 
such as the salt spray or moist air test is used, the ques- 
tion is frequently asked as to the interpretation of the 
results in terms of ordinary exposure. Any attempts to 
make such a co-ordination must be only approximate be- 
cause there is no such thing as “ordinary exposure,” as 
the climatic conditions throughout the country and in 
different cities vary greatly. 

The salt spray test which has proven to be especially 
useful for testing zinc coatings, depends upon the ex- 
posure of the articles to air containing in suspension a 
spray of 25 per cent sodium chloride solution. The arti- 
cles are examined at frequent intervals and the time 
when iron rust first appears is taken as an indication 
of the failure of the coating. Details of this test will 
be found in Circular 80 of the Bureau of Standards. 

In using such a test as the basis of specification for 
zine coatings it is customary to state the length of time 
which the objects must withstand corrosion. 

For ordinary usage on automotive equipment it is 
probable that zinc-coated material which will stand up 
for two days in the salt spray test will be satisfactory, 
although for equipment to be used in a marine atmos- 
phere or under particularly severe conditions this time of 
exposure may be increased to three or four days. 

Unfortunately the salt spray test is not well adapted 
to the examination of nickel coatings since the latter 
do not exert intrinsic protection of the steel and in con- 
sequence if the base metal is exposed at any point cor- 
rosion will occur within a very few hours in the salt 
spray test. Exposure to air saturated with moisture at 
slightly elevated temperatures has in some cases proven 
useful for detecting porosity in nickel coatings on steel, 
but it has no value in determining the thickness of the 
coating. At the present time there is practically no satis- 
(Continued on page 1293) 
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Methods of Cooling Airplane Engines 


Water cooling, as applied to aircraft engines, is far from fully developed. 


While direct air covling will improve, water cooling will improve as well. 


This article indicates the lines along which development may be 


expected to progress and discusses developments likely to come. 


By A. Lu ilow Clayden 


ESPITE recent advances in the air cooling of avia- 
LD tion engines there seems but small probability of 

the early abandonment of water cooling and this is 
the easier to understand when it is remembered that the 
basic principles of th:: two systems are identical. 

In both cases the heat originates in a small volume, and 
is applied to a small surface; that is, to the cylinder walls 
and heads. The problem is to cause the heat to flow away 
from these points rapidly enough to keep them at working 
temperature. Air has a low specific heat and to carry off 
a large quantity of heat from metal, a large volume of air 
must be brought in contact with it, because air is a very 
poor conductor and must actually be made to touch the 
. metal if it is to have a cooling action. 

In order to utilize an adequate volume of air, the heat 
from the cylinders must be carried by conduction and 
“spread” over a larger surface. By adding fins to a cylin- 
der its surface is increased and heat flows from the cylin- 
ders into the fins by direct conduction. By adding a radi- 
ator to an engine the cooling surface is increased in just 
the same way, but heat is transferred to the larger surface 
by the water instead of by direct conduction. 

It is mechanically difficult to apply a sufficient increase 
of surface in the form of fins to a cylinder, and it is par- 
ticularly difficult to care for the hottest parts such as the 
exhaust valve seatings, because of the presence of the 
valve operating mechanism and similar parts. Hence 
nearly all air cooled engines hitherto made have been 
forced to employ a lower mean effective pressure than is 
practicable with water cooling, so as to keep down the 
maximum temperatures in the cylinder. Allowing for a 
slight drop in m.e.p., for the weight of the fins and for the 
need to arrange cylinders radially or in some other un- 
conventional way, means that the advantage of direct air 
cooling from fins over indirect air cooling from a radiator 
and a water content is not so great as it at first apparently 
ought to be. 

In comparing air and water cooling it is seldom realized 
that water cooling as applied to aircraft engines is far 
from fully developed; that while direct air cooling will im- 
prove, water cooling also will improve, and that the weight 
of a water cooling equipment is a long way from the possi- 
ble minimum. 

F, W. Lanchester in his 1916 paper on engine cooling, 
which has been so much quoted, states axiomatically al- 
most, that one square foot of radiator surface is necessary 
per brake horsepower of an aviation motor. This was only 
between four and five years ago, but to-day plenty of our 
military aircraft are operating with half a square foot per 
b.h.p., or even less and the head resistance of radiators 
has been cut down very greatly also. 

It is not the writer’s present purpose to go deeply into 
the subject, but merely to indicate the lines along which 
development has progressed and may be expected to 





progress still further. First, it has been discovered that 
the nose position which was almost always used a short 
time ago is a poor position from the viewpoint of efficient 
radiation. Owing to the interference of the propeller the 
air speed through the radiator on the nose of the fuselage 
averages around half the speed of the plane itself and is 
seldom more than 75 per cent thereof. This means that 
the radiator has to have greater developed surface than if 
it were subject to the full draft of motion of the plane, be- 
cause the volume of air brought against the radiator in- 
creases almost directly with the speed of travel. 

Nor is this all, for it has been found that by selecting 
proper locations on the side of the fuselage, in the slip 
stream of the propeller, a radiator can be put where it will 
be subject to an air speed greater than that of the plane 
by as much as 25 per cent. 

Practically all airplane radiators are built up of thin 
copper tubes, honeycomb fashion, because this type of core 
is far the strongest in proportion to its weight at present 
known. The length of these tubes has to be in proportion 
to the air speed. With a low air speed the air is heated up 
a greater number of degrees per inch of travel than at a 
high speed, of course, and with most nose radiators a five 
inch tube is long enough to heat up the air to a point where 
it is so near the water temperature that its cooling value is 
small. With slip stream positions, tubes nine inches long 
can be employed and their last inch will be just as efficient 
as the last inch of the shorter tube in the nose radiator. 

Thus for a slip stream radiator we need less total sur- 
face, because the air speed is higher, which means that we 
need less frontal area. Also, because the air speed is 
higher, we can use a deeper core, which again reduces the 
frontal area for a required developed area. The resistance 
to air flow of a 9-inch core is less than twice that of a 41- 
inch core, so by using the slip stream position we reduce, 
first of all the total surface; that is to say the weight, and 
secondly, the head resistance in a still greater proportion. 

Now, of course, the head resistance of a radiator in the 
high air speed of the slip stream is greater than it would 
be for the same radiator in the lower air speed around the 
nose, but this offsets only a portion of advantages gained. 
A still further offset arises from the fact that the nose 
of the fuselage can be made of a good stream line contour 
when there is no radiator, and this reduces the resistance 
of the airplane as a whole. 

Yet another point of importance is that the airplane 
radiator has to be built large enough to cool the motor dur- 
ing climbing when the speed is low and the power output 
at a maximum. When altitude has been attained, due to 
the increased speed and smaller power employed, the 
amount of radiation needed is greatly reduced. This is 
cared for, in the case of nose radiators, by mounting shut- 
ters in front and closing them for a very large part of the 
flying time. These shutters increase the head resistance 
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juite substantially and are therefore a drawback. With a 
slip stream mounting it is quite possible to arrange a shut- 
ter in the form of a door opening outwards from the side 
of the fuselage and, if the hinge is forward, this door will 
cover up any desired part of the radiator while presenting 
a partially stream lined form; so that the power wasted by 
closing off this part of the radiator is reduced. 

There have been several schemes, some of which are ap- 
parently satisfactory, for so locating the radiator so that 
it projects more or less from the side of the fuselage. 

Coming back to the pure efficiency of a radiator, it is not 
generally appreciated to what an extent this efficiency is 
affected by the speed with which the water flows through 
it. The total amount of heat which can be dissipated by a 
given radiator may vary as much as 30 per cent, according 
to whether the water is flowing very slowly or very rapidly. 
There are two reasons for this, the most important is that 
turbulence in the water is necessary if it is to transfer all 
its heat content to the copper of the radiator, because 
water is a poor conductor. Secondly, the amount of heat 
dissipated by a radiator varies directly with the difference 
between the air temperature and the mean temperature of 
the radiator. 

Taking an example—suppose a hundred pounds of water 
per minute enters the top of a radiator at 200 deg. and 
leaves the bottom tank at 150 deg., then the mean tempera- 
ture of the radiator is 175 deg. and the b.t.u. lost per 
minute will be 5000. Let us now suppose that the water 
flows at 500 pounds per minute, then to dissipate the same 
amount of heat, we shall only need a temperature drop of 
10 deg. This would mean that the average temperature of 
the radiator would be 195 deg. instead of 175 deg. In 
other words, we should have increased the mean difference 
between the air and water by 20 deg. Suppose the original 


radiator was designed to operate with an air water dif- 
ference of 100 deg., by using the higher water flow we can 
cut down the size 20 per cent because we would have in- 
creased the difference to 120 deg. 

The amount of water which will flow through a radiator 
depends upon the head. In a nose radiator this can only be 
a few inches. If a powerful’ pump is used which actually 
sucks on the radiator, the pressure in the suction line can 
be reduced to a point where the boiling point of the water 
will have been reduced enough to cause trouble with steam 
in the pump. Thus we are very definitely limiting the 
speed of the water circulation by the available head of 
water above the radiator. If, now, a radiator is mounted 
low down on the fuselage, the outlet from the motor can 
easily be two or three feet above the core, which is enough 
to give the most rapid flow that can be desired. 

Summing up the advantages of slip stream mountings— 
we get a lighter radiator, a radiator with less head re- 
sistance, a radiator containing a smaller weight of water, 
and a radiator that can be shuttered with but small in- 
crease in resistance. 

Enough has been said to bring out the point which the 
writer is anxious to make clear, namely that while air 
cooling has developed, water cooling has by no means stood 
still. The very brief summary of the advantages of the 
slip stream position only touches upon one of the ways in 
which the improvement of water cooling has been made 
and still is possible.- There are many other things which 
affect it. Engine and plane designers both desire to save 
weight and to reduce resistance. 

Many of them at the present time, through lack of ap- 
preciation, are not taking advantage of the fact that the 
scope for improvement in water cooling is almost as great 
as in direct air cooling. 





Specification of Electroplating 


(Continued from page 1291) 


factory method for determining the quality of nickel coat- 
ings and much investigation may be required to develop 
suitable specifications. 


The proper adhesion of coatings, especially of nickel, 
is of importance on parts such as bumper bars, that may 
be subjected to slight bending or deformation, which 
will cause cracking or peeling if the coating is not ad- 
herent. Upon thin sheet metal it is possible to make 


simple bending tests to determine the degree of adher- 
ence of the coating, but for the actual plated parts it is 
difficult to prescribe any generally applicable test. 
Where improper adhesion is suspected, scratching with 
a knife may be useful in order to determine whether the 
coating can be peeled off. 

The hardness or resistance to abrasion is difficult to 
measure or specify since there are no satisfactory meth- 
ods of determining the hardness of very thin sheets of 
metal. It is doubtful, however, whether in most cases 
the actual hardness of the deposit exerts much effect 
upon its period of useful service, except where the nickel 
plated articles are subjected to severe abrasion or to 
frequent cleaning, perhaps with unnecessarily harsh 
abrasives. In many respects a relatively soft deposit of 


nickel is preferable, since it is more readily buffed to a 
high polish. 


Needs and Possibilities for Investigation 


From the previous discussion it will be apparent that 
‘here is a great need for scientific study both of meth- 
ods of plating and of determining or specifying the 
quality of the finished ‘products. The satisfactory solu- 





tion of these problems will require extensive research 
which must involve not alone laboratory studies but alsu 
the co-ordination of the results with plant practice and 
with service conditions. For a number of years investi- 
gations upon electroplating have been carried out at the 
Bureau of Standards with the co-operation of members 
of the American Electroplaters’ Society. 

The work thus far conducted has been of restricted 
scope, however, owing to the limited funds available and 
to the fact that much of the work has been conducted 
with reference to the specific needs of the government 
departments. At present a movement is on foot to se- 
cure more direct co-operation and actual financial sup- 
port from manufacturers interested in electroplating in 
order that these investigations may be conducted more 
actively. The Research Extension Division of the Na- 
tional Research Council is co-operating in a plan to 
bring about greater support for this work. Those en- 
gaged in or interested in the automotive industry will no 
doubt lend their efforts to the support of this plan for 
extension of research in electrodeposition, a field which 
has so many commercial applications. 





ECHNOLOGIC Paper No. 170, “Pyrometric Prac- 
tice,” issued by the Bureau of Standards, is now 
available. The publication has already. been adopted as a 
text for teaching pyrometry in several universities. Co ies 
may be purchased from the Superintendent of Documents, 


‘Government Printing Office, Washington, D. C., which 


publishes a list of other useful technical papers. 
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Present Problems of Marine Motor 
Design 


The marine engine designer faces many problems not met by the au- 


tomobile engineer. 


pulsion and flexibility are important unsolved problems. 


Tendency is to reduce number of models. Pro- 


This article 


discusses present problems and points to future developments. 


By William B. Rogers, Jr.* 


automobile designer has had a pretty straight and 

well-defined path to follow. The early motor cars, 
pioneer vehicles of the present great industry, were 
truly “horseless carriages.” So, too, is the most modern 
cf cars. The wheelbase of the present motor car is not 
very different from that of the old-time barouche; the 
tread is the same. This must be the case from the 
character of the roads. If cars were to be built much 
longer there would be difficulty in negotiating turns, 
and if they were made even slightly wider, passing 
would be impossible on many roadways, and there would 
be trouble in getting through rough and rutty places 
which still exist in the remote regions. 

So even the smallest and the largest chassis are rela- 
tively close together as to size, and the motors which 
drive cars do not cover a great range of weights, powers 
and dimensions. It has been possible therefore for auto- 
mobile engineers to concentrate upon a pretty well-de- 
fined problem, to work out standards, to perfect detail, 
to effect refinement throughout the motor car. 

The term motor car pictures a very definite thing to 
every man, woman and child throughout the civilized 
world. But a motor boat! If a friend should invite you 
to take an afternoon run in his motor boat, would you 
have any way of knowing whether you were going out 
in a 14-ft. glorified skiff or in an 80-ft. or 100-ft. cruising 
yacht? And the little 14-footer might be powered with a 
tiny single cylinder, two-cycle 2-hp. motor giving it a 
speed of 6 milés an hour, or equipped with a light-weight, 
high-speed 30-hp. motor capable of driving the planing 
hull at 25 miles an hour or more. Likewise, thinking 
about the 80-ft. yacht, she might be driven by a heavy- 
duty, slow-turning oil-burning motor, running at about 
240 r.p.m. and weighing several tons, or the yacht might 
be of the express cruiser type, equipped with a couple 
of 200-hp. high-speed motors turning the propellers 1400 
or 1500 r.p.m. and weighing less than 1500 lb. for each 
motor. 

The very nature of things makes the marine field as 
much broader than the motor car field as the expanse of 
the waters is broader than the roadway. And another 
thing that we must remember is that the marine motor 
operates under full load all the time. Resistance of the 
water is constant at a given speed, except in the case of 
a hydroplane, and even in these boats the load is prac- 
tically constant. . 

Ten years ago many of the marine motor manufactur- 
ers tried to build a range of models which would enable 


ive eomparison with the motor boat engineer, the 





*Managing Editor, Motor Boat. 





them to meet the requirements of as many types and 
sizes of boats as possible. It was then not unusual for 
the marine motor manufacturer to produce a line of mo- 
tors comprising from twenty to fifty models. To be sure 
there would be a one, a two, a three, a four and possibly 
a six-cylinder, all of the same bore and stroke. But each 
of these motors would be an individual job as to base, 
manifolds, crankshaft, oiling system, etc., only the actual 
cylinders being identical. There are still several marine 
motor manufacturers who build thirty or more models. 

The present tendency, however, is all the other way. 
Marine motor manufacturers, beginning about six years 
ago, just prior to the war, began to appreciate the advan- 
tages arising from concentrating upon fewer sizes. Sev- 
eral, indeed, have gone so far as to build one size only, 
a model designed to provide power for boats of a popu- 
lar kind and size, so that demand would be assured. It 
is needless to dwell upon the advantages of this ten- 
dency; the great economies in production through proper 
shop equipment to turn out the fewer models, etc. 

In the beginning the two-cycle motor was in the 
ascendancy in the marine field. -That was when the 
average motor boat was a small craft and the average 
marine motor developed from 3 hp. to 10 hp. In these 
sizes the two-cycle motor still retains its popularity, not 
alone for pleasure boats, but especially for powerplants 
for small work boats, such as those used by fishermen ‘f 
the New England Coast, Chesapeake Bay and the Gr: at 
Lakes. The two-cycle motor is practical, particular)y in 
single-cylinder and two-cylinder types, because its small 
first cost, its simplicity and the fact that lubrication can 
be accomplished effectively by mixing oil with the gaso0- 
line in the fuel tank compensate for the some what 
greater fuel consumption and the less easy startin: of 
a two-cycle as compared with the modern four-cycle. ‘he 
two-cycle motor has a real field in marine service, 1d 
because of its having been restricted to the smaller sizes 
it has become pretty well standardized. 


Standardization Efforts 


This is not the case with four-cycle marine motors. 
Through the Motor Boat Division of the Society of Avto- 
motive Engineers, however, much good work in ‘he 
direction of standardizing marine powerplants has been 
accomplished and is being accomplished. The standardi- 
zation of such features as carbureter flanges, mountings 
for electrical equipment, shaft tapers, etc., will simp!ify 
the problems of the marine motor designer and manu- 
facturer. 

About three years ago the writer, with a number of 
others concerned with the motor boat field, reached the 
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conclusion that to effect anything worth while in the in- 
dustry, the situation must be attacked basically: That 
before marine motors and marine equipment in general 
could be standardized; before marine motors could be 
built in quantities by production methods, motor boats 
themselves must be standardized. By standardization in 
this sense, I mean developing boat models of popular size 
and type, both cruisers and runabouts, that can be 
built as stock jobs and sold in quantities as complete, 
ready-for-service craft. 

Already a great deal has been accomplished in this di- 
rection. There are at the present time about thirty 
poat-building organizations which turn out standard 
stock models, and the number is increasing steadily. In 
another year or two, I believe, the majority of motor 
boats built in the United States will be stock models. 


* When that is the case, the marine engineer will have a 


much more definite range within which to work. He 
will know the motor sizes upon which he can concen- 
trate his energies with profit, and will be able thus to 
confine his efforts to the refinement and improvement of 
marine motors in the same general way in which the 
engineer in other automotive lines has worked with such 
remarkable results. 


Propulsion Problems 


There is another problem, or rather another series of 
problems which confront the marine engineer which for- 
tunately for the automobile engineer never arise in his 
work. That is the matter of propulsion. In a motor 
boat installation all features of hull design and power- 
plant, including, of course, the propeller itself, are 
naturally correlated. The heavy hull designed for slow 
speed, such as that of a motor houseboat or a tug, must 
be powered for greatest efficiency with a heavy, slow- 
turning motor. The reason is that a high-speed motor, 
turning the propeller at high revolutions, would waste 
power tremendously through slip of the screw pro- 
peller. 

To be able to determine the proper installation of 
power for a boat we must know all the factors: the 
form of hull, the speed for which it is designed, the 
weight and—at least approximately—the surface resist- 
ance. With this data available we can determine the 
proper power, the correct size of driving shaft, the size 
of the propeller as to diameter and pitch—the advance 
of each revolution of the screw, etc. 

A nice engineering problem enters into the designing 
of every properly constructed motor boat, and that is 
a prime argument in favor of the standardization of mo- 
tor boat models. It is, of course, no greater engineering 
task to design a complete model for duplication by the 
hundreds than it is to plan a single boat of the same 
characteristics. 


Flexibility 


Here is another problem that the marine engineer 
has been called upon to work out: The boat and its 
power installation have been designed for a certain 
efficient running speed, under full load. In the case of 
most motor boats it is impractical to provide for any- 
thing other than direct drive, because of mechanical 
complications, and losses of power where gear drives 
are employed to reduce or increase propeller speed with 
relation to the speed of the motor. But take the case of 
a motor boat of the cruiser class designed to make some- 
where around 12 miles an hour. At times it will be 
desirable to operate this boat at speeds as low as 8 or 4 
miles an hour, as in the case of fishing with trolling 
lines, when maneuvering and so on: The usual boat is 
equipped with a reverse gear giving direct drive for- 


ward, a neutral or idling position and driving at 60 to 85 
per cent motor speed when in reverse. 

Since the operator will not always desire to drive the 
boat at its maximum speed, we must have flexible mo- 
tors, and the problem is to design powerplants which 
can be throttled over as great a range as possible with- 
out the danger of stalling or causing backfires. A num- 
ber of devices have been perfected which accomplish 
this result quite well, but flexibility is still one of the 
problems which must be met by the marine engineer, 
notwithstanding the great improvements in carbureters 
during the past few years. The successful marine mo- 
tor designer must study with the utmost care such mat- 
ters as manifold design, lubrication which will be as 
effective at low speeds as at high speeds, gas speeds, the 
heating of the firing mixture, etc. 

In the light of these things it is to be expected that 
the manufacturer of marine motors, having built a line 
of motors which have given satisfactory service over a 
period of years, will go about making changes slowly 
and will be cautious in attempting anything radical. 


Cooling Difficulties 


There is one feature which seems on the surface to 
make the task of the marine motor engineer comparative- 
ly simple, and that is the matter of cooling. In a boat 
there is always plenty of water for the circulating sys- 
tem, and all we need is a pump of some kind to force 
the water through the jackets. We can even use part 
of the discharged cooling water to help cool and silence 
the exhaust. Still, even in this apparently simple fea- 
ture we have a problem, for the average motor boat 
operator will persist in running his motor too cool for 
efficient results. The use of a temperature indicator is 
growing more common in motor boats, and this instru- 
ment, in connection with means of regulating the supply 
of water to the circulating system makes it possible to 
run a marine powerplant at the temperature where 
maximum efficiency is obtained—if the operator will do 
it. The effect of temperature upon motor efficiency is 
not yet fully appreciated in the marine field. 

The growing use of the Diesel and the so-called semi- 
Diesel and surface ignition powerplants has brought a 
new set of problems for the marine engineer. Motors 
of this class are especially suitable for commercial in- 
stallations and their development is linked with the 
growing appreciation of the importance of water trans- 
portation of freight. 





An Aluminum-Copper Alloy 


NEW copper aluminum alloy known as Tsungani, 

which differs in physical characteristics from 
previous copper aluminum alloys in many respects, is 
being produced by the Alloys Motor Parts Mfg. Co. The 
manufacturers claim a tensile strength of over 21,000 Ib. 
per sq. in., and a Brinell hardness of 80 to 90. The 
coefficient of expansion is .000008, much eloser to that 
of cast iron than other aluminum alloys, according to 
the claims of the manufacturer. Piston clearances of 
00055 to .00075 in. per inch of diameter of piston have 
given good results with this alloy, it is stated. Other 
claims are to the effect that the metal will not adhere 
or tear, even if the motor should be run dry or overheat, 
and that it will take a high polish in wearing. The 
material has been used for piston rings, for piston pack- 
ing for steam engines, and also in air-cooled aviation 
engines. The pistons up as high as 7 in. in diameter 
have been manufactured from the material and it is 
claimed that there are now 700 cars in operation using 
the material. 
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Problems of the Front End Drive in 
Automobiles 


Problems of silence, accuracy of timing and frequency of replacement are 


presented to the engineer in connection with front end drives. 


Most 


stock engines are equipped with helical gears, but some are adaptable to 


chain gears as well. 


Present and future trends are discussed here. 


By J. Edward Schipper 


NGINEERS whose high standing and long experi- 
K ence in the automotive industry entitle their opin- 
ions to respect, state that the front end drive of an 
automobile engine is still an unsolved problem; perfection 
has not been reached. The problem still presents difficul- 
ties and uncertainties which result in compromise designs 
to secure the best all-around results. This is not surpris- 
ing when it is considered that some of the most difficult 
engineering problems must be solved in arriving at a 
design which will give the best satisfaction. 
Silence, accuracy of timing, absence of replacement ne- 
cessity, are the prime requisites in the front end drive, 
hether it be gear or chain, or a combination of the two, 
or some other method. Under these broad heads, however, 
there are some problems to be considered which involve 
the closest study of material and manufacture, as well as 
design as affected by the layout of the parts to be driven. 
To make a brief survey of the situation as it stands 
to-day in passenger car practice, out of 125 models con- 
sidered, 81 per cent have helical gear front end drives. 
Sixteen per cent have chain, 2 per cent spur and 1 per 
cent other means. Since half of these 125 models are as- 
sembled cars, however, this does not give an exactly ac- 
curate picture of the situation. Of the 60 models using 
engines manufactured ‘by the car makers themselves, 20 
models, or 33%4 per cent, are using chain drive, and 40, 
or 66% per cent, are using helical gears. This neglects 
the spur and worm gear which are employed on one or 
two models and which need not be considered in this study. 
The Ford car, of course, employs spur gears, this being 
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Layout of timing gears on Buda stcck engine which 

employ steel gears for the crankshaft and water pump, 

cast ircn for the idler gear and. camshaft gear and 
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a straight cost proposition, and while on a production 
basis it would appear as a considerable factor from a gen- 
eral engineering study, it need not be considered. 

The stock engines made by Continental, Lycoming, 
Herschell-Spillman and others are all equipped with hel- 
ical gears. In other words, no assembled cars are using 
the chain front end drive at the present writing, because 
none of the stock engines are so put out. There are a 
few of the stock engines, however, which are being so 
arranged that the timing gear drive may be adapted either 
to chain or helical gears, and it is probable that within 
the next year or two some of the assembled cars will be 
using the silent chain in place of the helical gears. 

In a great majority of instances, those using the helical 
drive employ alternating cast iron and steel gears. These 
work together with far less resonancy than steel against 
steel and at the same time the wearing qualities are ap- 
parently very desirable. This steel and iron layout at the 
present time outnumbers all other types of front end 
drive, and while the tendency is drifting toward the chain 
and toward compressed fabric gears, it still remains in the 
ascendancy on a percentage basis. 

Forged Duralumin gears in place of cast iron are being 
used very successfully by the Continental Motors Co. and 
by Marmon. The advantages of Duralumin are its good 
bearing qualities, non-resonance, and particularly that the 
rate of expansion of the Duralumin gear is the same as 
that of the gearcase, and consequently, the center dis- 
tances do not alter when the motor becomes warm. The 
Continental company states that this is a very appreciable 
factor in maintaining the silence of the front end drive. 
The characteristic property which distinguishes Duralu- 
min from other aluminum alloys is that it can be forged. 
It can be hardened and materially strengthened by 
quenching from a high temperature, and its properties can 
be further improved by aging at room temperature. 

Duralumin contains upward of 90 per cent. aluminum; 
3 to 5 per cent copper; 0.4 to 1 per cent of magnesium and 
0.4 to 1 per cent of manganese. It has a specific gravity 
of 2.8 as compared with 7.8 for steel. The alloy has good 
bearing properties, as shown by tests, where for shaft 
speeds exceeding 700 r.p.m. and loads exceeding 200 Ib. per 
sq. in., the friction is less than with babbitt bearings. As 
regards resistance to fatigue, Duralumin is said to be 
superior to mild steels when stressed below its elastic 
limit. The timing gears are made from drop forged 
blanks. The fact that the pitch line contact of the gears 
is maintained works for silence, whether the engine 1s 
hot or cold, and where weight is a factor, there is, of 
course, a gain made by the use of this alloy. : It is very 
probable that the use of Duralumin gears will increase. 
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It is of interest to note that as a mark toward the 
tendency toward chain drive and toward the use of special 
material such as compressed cotton or Bakelite Micarta 
for the helical gear drive, the newer designed cars are 
using to a large extent either of these two methods. The 
LaFayette, Lincoln, new Packard single six, and the new 
Studebaker light six are all using silent chain drive. The 
1921 Buick, Sheridan, Paige, C. H. Willis and DuPont cars 
are among the new designs using fabroil gears, which are 
a special compressed, spirally wound cotton type made by 
the General Electric Company. 

So far as engineering opinion in the country goes, it is 
very apparent that matters stand about equally divided 
between the improved types of helical gear front end 
drive and chain front end drive for passenger car usage 
where silence is just as important a factor as long life. 
From a life standpoint, there is, of course, nothing to be 
said against the wide face spur or bevel type gear, and 
for truck practice it is very likely that this is going to 
remain practically universal. Demand for silence, how- 
ever, introduces some factors which necessitate additional 
care. 

In the consideration of chain front end drive, there are 
a number of matters to be given weight which experience 
during the past few years have shown to be of the highest 
importance, if economical maintenance is to be secured. 
There have been installations of chains which have proven 
expensive from the owner’s standpoint. On one particular 
make of car, it was found necessary on early installations 
to recommend a replacement of the chain at the end of 
every 10,000 miles. This chain necessitated other work 
being done, which practically always ran the owner’s bill 
to about $50.00. This expenditure of $50.00 every 10,000 
miles means one-half cent per mile for chain maintenance, 
which is altogether out of proportion and not to be toler- 
ated in any good design. If this proportion of expense 
of maintenance were to be multiplied by all the parts in 
the engine, the owner would find his upkeep bills far out 
of proportion to the service rendered. Happily, however, 
it has been found possible to materially reduce this by 
proper design considerations. 

The Morse Chain Co., whose installations are used in 
several passenger cars, provides three nominal widths for 
the front end drive of high speed engines. These are, 
1 in.; 1%4 in. and 1% in., all % in. pitch. In the layout 
of the chain drive, either an even or odd number of teeth 
may be used in the sprockets, an odd number of links in 
the chain such as 51, 53, 55, etc., is required, however. 
The maximum number of teeth permissible in the crank- 
shaft sprocket is dependent on the engine speed at the nor- 
mal running speed of the car. In other words, the ratio in 
the rear axle and the diameter of the road wheels largely 
control the maximum number of teeth permissible in the 
crankshaft sprocket. On the ordinary car, it is undesirable 
to use more than 24 teeth in the crankshaft sprocket, which 
provides 1 ft. of chain speed per revolution per minute of 
the engine. For silence, it is undesirable to use fewer 
than 18 teeth in the crankshaft sprocket. This, of course, 
means 36 teeth in the camshaft sprocket to secure the 
half time. A driven sprocket is permissible with as few 
as 14 teeth, but not less. The recommendation of the 
Morse company is that all sprockets of less than 31 teeth 
should be made of low carbon steel; that is, from 10 per 
cent to 20 per cent carbon O. H. carbonized and hardened 
1/32 in. deep. Sprockets of more than 30 teeth can be 
made of high carbon steel, heat treated, semi-steel casting, 
or of a very good grade of cast iron. 

Another one of the fixed rules in connection with the 
Morse chain and generally applicable to all chain installa- 
tions is that it is undesirable to drive any chain with 
less than 90 per cent chain contact on any of the driven 






















Compurarions For Lac i Decrees of Cam Swarr | 
We TO LENGTHENING OF CHAIN 
P = Pitch : 


N + Number of leelh in Cam shoft Sprocheh 
- ” - - «© ¢rank « « 

= Number of pitches in chain 

* Llongotion ineach hank or pitch of chain 
= Log in degrees of cam shoft 

* Log nm inches ~ - - 

RC. = Circumference of com shaft sprocket pitch circle, 
pee . frorh « ° « 
fLxample:- Chain 79 pitches long $00 piteh 

Cronk shoft sprocket 2/ teeth. 


elk bt I 


Cam . - 4 ° 

13 pitches between contacts on lension side (See eagram) 
Note: The Morse Adjustable Sprocket provides adjustment 

+o remove one sink. A lengthening of two links amounts to 

2 10g of the cam shaft sprocket of about 4°1n this case 
Solution:-£ « £2- or £5522 sro265 

1° que to lengthened chain between sprockets (13 pitches, 5 
_dagram)'= 201265 2/3 = 16445 eahaneuyy: 
L° Wve lo above L360! 1": PC or k 2 3607226445: 2.02*28 
The lengthened chain takes a pitch circle on the cam shaft 
Sprochet whose rads ’3 greater than that of the 
Sprocket or original pitch circle by:= 





Layout of typi- 
cal three-wheel, 
Morse. silent 
chain drive, 





showing com- Fr 0 SEROUS. r0ee 
putation of cam- £ / 
shaft lag due to PS y 
lengthening of -. Q vy 
hai 1° cee to lengthened chain's position on'N':- © 5% o 
chain, +,» 1988 x fang. IO° or 20885 < a 
1 awe to lengthened chain position on'n? :~ AS "a 
ne — Ven'n'a 22835. slozae N sy 





Total lag que to position of chain on sprocke?s :- 
L 20885 +2 0242 = 50727. 
0g 1n Cegrees due to position of chain on sprochets:- 4 
“:360°: 9727: 21/08 or 122 “e 
Total valve of ‘L':= 228+ /:2 < 4? 











sprockets, and not less than 100 deg. contact on the driving 
sprockets. 

The importance of proper adjustment means cannot be. 
exaggerated in the installation of the chain drive. To 
secure the full efficiency of the chain and to reap the ad- 
vantages, particularly as far as silence is concerned, some 
means of taking up the normal stretch must be provided. 
An accessible chain adjustment equal to one full link must 
be provided, and it must be remembered that this adjust- 
ment should be accessible or it will not be given the atten- 
tion necessary. There are several forms of chain adjust- 
ments, the most suitable means depending upon the type. 
of layout. For istance, on a triangular drive where the 
three points of the triangle are made up by the crank- 
shaft, camshaft and generator sprocket, a very accessible: 
and satisfactory adjustment may be provided by the use. 
of the S. A. E. standard generator flange. This is shown 
in the S. A. E. handbook, Vol. 1, pages B-17 and B-18. 
Each flange mounting size is provided in this standard 
with a pilot for locating in a bored hole when used with 
a gear drive, and with slotted holes to allow for adjust- 


ments when used with chain drive. In the latter case, the- 


hole in the gearcase should clear the pilot. 

When the triangular drive is used with fixed shaft cen- 
ters, the Morse Chain Co. provides an adjustable sprocket 
which has been used successfully on the Packard, Winton, 
Haynes, Jeffery and other cars. This adjustable sprocket 
is illustrated and will be described in detail hereafter. 
Other chain companies have adjustment features which 
will be described below. 

In designing the adjustment, the amount provided 
should be such that the slack taken up in the chain is 
equal to a full link plus 10 per cent, or .55 in. A caution 


which is given in connection with idlers is not to use: 
an idler sprocket for taking up chain slack unless the-’ 


idler is designed to consume sufficient power to prevent 
the idler from playing in the chain, as a free idler sprocket. 
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in the front end of an engine is bound to cause a marbly 
noise. 

The Morse adjustable sprocket, which is illustrated 
on page 1299, is designed to facilitate adjustments of the 
chain on engines where it is not possible to move one 
of the shafts. Referring to the illustration, it will be 
noted that the sprocket, instead of being mounted on the 
shaft, is mounted on a hearing which is eccentric tc the 
shaft. The chain rotating the sprocket rotates the shaft 
by means of a connecting universal coupling of the 
Oldham type. The bearing on which the sprocket is car- 
ried is mounted in the case, concentric with the shaft, and 
by rotating the bearing, the sprocket is moved, thus ad- 
justing the chain. This type of adjustment is applicable 
to any type of drive. 

A question which frequently arises in the minds of 
engineers is the amount of clearance to allow between 
the back of the chain and the gearcase. In laying out 
clearance, the minimum below the crankshaft gear and 
above the camshaft gear on a triangular layout shou!d be 
the pitch plus % in., or since 1% in. pitch is universal, 
5%e in. clearance is desirable. Where there is an adjust- 
ment, the clearance between the back of the chain and 
the case at the generator or adjustable sprocket should be 


Typical three-wheel Morse 
silent chain drive show- 
ing recommended 
clearance. 
P — Pitch of chain or 
Yo in. 
Wheel (front top of tooth) 
W1— P+ 1/4 in. + Adjust- 
ment — }2 in. 
W? =P +14 in. + & in. 
W? = P + ¥@ in. + & in. 
Chain (from top of chain) 
Cc! = P X 24 in. = 1% in. 
c=—P x3 in. = HW -in. 
=P x 2=— 7m. 
Note—C!, C* and C® en- 
tirely depends on the 
length of strand. 


case 





¥g in. plus the pitch plus the adjustment, or 15/16 of an 
inch at this point. 

On two sprocket drives where the driven sprocket runs 
two or more times the crankshaft speeds, and the centers 
are of a certain distance which depends on the balance of 
the motor, the chain is liable to have a whip which tends 
to shorten its life considerably, and, in fact, to increase 
vibration throughout the entire engine. This whip is due 
to a synchronized vibration originating in the engine and 
picked up by the chain, when the speed, weight and length 
of the chain become synchronized with motor vibration. 
A compensating sprocket can be used to break up this 
vibration and prevent the whip. 

Unless adjustments as outlined are provided, the chain 
will eventually jump the teeth of the crankshaft sprocket, 
due to the gradual lengthening which occurs, because of 
the slight wear in the joints. Where the design of the 
chain is such that gravity tends to draw both fans of 
the chain away from the crankshaft sprockets and the 
contact is less than 130 deg., the chain is apt to jump and 
throw the engine out of time. Shoes on the case are pro- 
vided in some installations to cause noise when the chain 
becomes loose enough to be apt to jump.. This warns 
the operator and makes him adjust the chain and take 
up the slack before it can jump from the sprocket. 

The layout of sprocket centers is, of course, of primary 
importance in designing a chain drive. In designing tri- 
angular layouts on new engines, it is highly desirable that 
a chain specialist be consulted before a center distance is 
adopted, and engineers should consult with the chain 
makers and allow their engineering departments to assist 
on the original layout, in order to secure the best results. 

Installations of the Link Belt chain show some particu- 
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larly interesting features of front end drive practice. One 
of the features in connection with some of the Link Belt 
installations is the highly successful use of the automatic 
idler as employed on the Mercer and Brewster cars. The 
feature of the automatic idler for taking up wear in 
chains as used on the engine is not new, but heretofore 
has proven unsuccessful because there was a certain point 
in the speed of an engine where the automatic idler had a 
tendency to vibrate excessively, causing considerable noise. 
The automatic idler, as arranged by the Link Belt Co., is 
claimed to absolutely be free from vibration at any speeds. 

The Link Belt Company has recently placed on the mar- 
ket a new type of front end drive chain, which has taken 
about 10 yr. to develop. This chain is known as the unit 
chain, because in it the liner type of bushings used in all 
previcus types of Link Belt silent chains have been elimi- 
nated. This has also eliminated two points of wear at each 
articulation. Another feature of the chain is that it pre- 
sents practically a solid contact with the tooth of the 
wheel on which it travels, and thus allows oil to form a 
silencing pad between the tooth of the wheel and the chain. 
It is claimed that, regardless of the speed, this chain pro- 
duces merely a very dull, metallic click, which totally dis- 
appears when the chain is encased. 

Another feature of this particular chain is the spacing 
of the links. The spacing is determined by integral parts 
of the link, and it is impossible for any particular joint to 
be tight. Tests on the final form of this chain have been 
carried on for practically two years, and several chains are 
said to have run for a distance equal to 48,000 to 50,000 
miles in engines, yet the stretch is under 0.02 in. 

The outstanding factor of the Whitney silent chain is 
the special cylindrical joint designed to insure long wear. 
It is claimed that the joint wearing area is a more impor- 
tant feature than the tensile strength of the chain, as the 
factor of safety is so high that the breaking of chains in 
service is very rare. 

The joint of the Whitney chain is shown in the illustra- 
tions herewith. Short, hardened steel bushings are used, 
which fit tightly at each end into regular toothed, -inside 
links, while the two toothed links in the center turn freely 
on the bushing. The links which fit the bushings tightly 
are designated “tight hole links” and are forced on the 
bushings under very heavy pressure. The two center links 
which turn on the bushings are designated “loose hole 
links.” A length of chain comprising these two styles of 
links assembled with the bushings is designated a “B” 
unit. For the smaller pitches, the separate links are 1/16 
in. thick, so that each unit is 14 in. wide. These units are 
placed side by side to make up the desired width of chain. 
Hardened nickel steel rivets of the proper length secured 
at one end to outside links are passed through the bush- 
ings into another outside link and riveted in place. This 
construction, it will be seen, gives for each joint four bear- 
ing surfaces made up entirely of hardened steel, and it is 
upon this joint construction that the claims for the wear- 
ing qualities of the chain are made. 

Two general styles of Whitney chains are at present on 
the market. One is the side guide type, which has guide 
In this construction, 
the outside unit, designated as “A” unit, is made up of one 
tight-hole guide plate and one tight-hole inside link fitting 
the bushing tightly, with a loose-hole link turning on the 
bushing between them. This makes a unit 3/16 in. wide, 
1% of which is on the sprocket teeth, while 1/16 in., the 
guide plate, is outside the sprocket. 

‘The other style of Whitney chain has a single guide 
plate in the center which runs in a groove provided in the 
sprocket. In this case also a special unit is used, so con- 
structed that any desired width may be obtained by com- 
bining it with the proper number of regular “B” units. 
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(3) Morse chain installation with two sprockets, showing eccentric adjustment used on LaFayette car. 


(4) Typical 
accessory shaft on the right. 


Morse triangular drive applied to four and six cylinder engines where the camshaft is on the left and the 


(5) Silent chain drive applicable to eight-cylinder engine utilizing Morse patented double adjustment: on the camshaft. 
(6) Typical Morse triangular drive applied to four and six-cylinder engines with the cam and accessory shaft on the right 


side, 


(7) Morse single adjustment usually applied to accessory shaft and essential where the shaft contains two or more units 


and cannot be moved to take up chain slack. 


(8) Morse double adjustment adapted to eight-cylinder engines containing two loops of chain. 


to the camshaft. 


(9) Link Belt silent chain drive in the front end of a Mercer engine with automatic idler adjustment. The idler wheel 
internal adjustment spring. 
fan shaft, and auxiliary shaft, with 


runs loose on an eccentric bushing with an 
(10) Link Belt installation on Brewster. driving camshaft, 


The adjustment is applied 


oe? 
idler adjustment on b~sl€ refus 


(11) Whitney chain front end drive on eight cylinder engine, showing chain drive to camshaft and generator shaft. exuvu ull the 


The center guide style of silent chain in the 1% in. pitch 
has been most commonly adapted for use in front end 
drives. The links are made of alloy steel, heat treated. 
The holes in each link are reamed to size and the faces of 
the links where they engage the sprocket teeth are milled 
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Parts of Fabroil gear. A. 
hub. 6. Cotton filler. Drop forged 
Sectional view of gear. 


Drop forged 
shroud at C. 


magneto, timer, distributor, etc. The same rules regard- 
ing adjusting devices and selection of center distances 
apply. One of the main requirements is proper lubrica- 
tion, and whatever the lubricating system in use, an oil 
lead should be provided to deliver a constant stream of oil 
to the inside of the chain. A vent or breather should also 
be provided at the highest point of the chain case. unless 
the highest part of the chain case has an opening to the 
main crankcase which is provided with a liberal vent. The 
sprockets should be cut with cutters and hobs approved by 
the chain company which is to provide the chains, as other- 
wise unsatisfactory operation may result. 

A recent investigation of the causes of rapid chain wear 
in certain parts of the country brought to light some in- 
teresting facts. For instance, it was found that in Bir- 
mingham, Ala., the life of the chain was noticeably shorter 
than in other parts of the country. Investigation disclosed 
a tendency for the etching of the pins. This was found to 
be due to sulphuric acid in the oil, and in tracing it back 
it was found that this came from the use of benzol in the 
fuel. It is believed that when the sulphuric acid content in 
the crankcase oil is equal to 0.02 per cent., galvanic action 
takes place and etching of the chain occurs while the car 
is standing still. A teaspoonful of slack lime in the crank- 
case would, of course, neutralize the oil, but this is not 
good for the engine bearings. 

Gears of compressed cotton or fabric cut with helical 
teeth have excited the interest of engineers for several 
years. There are hundreds of thousands of these gears in 
use, and they are proving very satisfactory in practically 


SIZES OF FABROIL GEAR 


Outside Outside 
Diam. Diam, 
Pitch Teeth in Ins. Angle Pitch Teeth in Ins. 
9 72 8.942 25 deg. 25 min. 00 sec. 10: 63 Oe 
10 12 ef 16 deg. 15 min. 30 sec. 8 54 7.414 
84 60 7.737 19 deg. 45 min. 10 52 5.8 
9 60 7.84 28 deg. 54 min. 10 12 8.45 
S—10 54 7.7 25 deg. 23 min 6.28 $2 7.383 
8 56 7.75 21 deg. 2 min. 24 sec. 10 66 7.399 
10 72 4.96 21 deg. 42 min. 55 sec. 814 54 7.235 
10 66 7.368 23 deg. 10 72 8.013 
10 66 7.503 25 deg. 21 min. 40 sec 10 62 7.088 
S D4 7.734 18 deg. 10 32 7.000 
s0 72 8.211 26 deg. S 40 5.75 
9 ie 8.942 23 deg. 26 min. 10 66 7.69 


all installations. The working portion of the Fabroil gear, 
which is the trade name of the compressed cotton gear sold 
by the General Electric Co., is cotton, which is held highly 
compressed between steel shrouds or end plates. The cot- 
ton receives a vacuum-oil treatment, which acts as an in- 
itial lubrication. These gears have been in use now for 
over eight years, and about twenty manufacturers of pas- 
senger automobiles are now using them. They are gener- 
ally furnished in the form of gear blanks, finished ready 
for tooth cutting. The Fabroil gear is generally used as 
a camshaft or an idler gear and the sizes specified by dif- 
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ferent users are contained in the tabulation herewith, 

Steel forgings used in the construction of Fabroi] tim 
ing gears are made of L section in order to provide the 
strength necessary to hold the cotton portion in compres. 
sion. By a series of operations the fibres of the cotton 
are made to assume positions closely paralleling the oy. 
line of the tooth profiles, alternate layers crossing to 
This produces a triangular 
bridge truss structure, developing the maximum Strength 
and wear resistance without sacrifice of elasticity, 

Generally,. the teeth of the timing gear train are cut 
spirally, and experience has shown that a spiral angle of 
about 20 deg. will give smooth operation with only mod- 
erate end thrust. With a large spiral angle the Fabroil 
gear would be greatly weakened, but the 20 deg. spiral 
angle is said to be well within safe limits. A Fabrojj 
idler or camshaft gear works well against the steel crank. 
shaft gear, and this combination has been approved by a 
great many engineers for passenger car use. The latest 
series of Buick, in which a special endeavor was made to 
quiet the timing gears, employs Fabroil gears. On a test 
made on a Buick six-cylinder 1920 model, with the motor 
run at constant speed of 1220 r.p.m., or 25.24 miles per 
hr., a wear of only 0.002 in. was found in 30,000 miles 
of running. The gears are cut with 10.240 pitch teeth 
having a 20 deg. spiral angle, the Fabroil face being 11, 
in., and the metal face 1% in. The gears are lubricated 
by drilling a 1% in. hole in the wall above the shelf used 
to retain oil for lubricating the camshaft bearing. 

Lubrication of the front end drive, whether chain or 
timing gear, has been given a great amount of attention 
by engineers. On the National car, the chain is con- 
tinuously oiled by a small stream of oil, a great deal of 
oil being thrown on it when the pressure regulator in the 
oiling system opens, which it does at about 10 lb. pres- 
sure. This means that after the car gets up to a sneed 
of about 15 miles per hour the entire front of the chain 
housing is flooded with oil. The National company uses 
a Morse chain of 1% in. width. 

On Peerless cars a gear front end drive has been used 
for a great many years. For several years the Peerless 
company has used a Fabroil camshaft gear, for the fol- 
lowing reasons: 

“1. It is the simplest construction known. 2. The use 
of the spiral gear to a large extent eliminates gear noise. 
However, with the combined use of the spiral tooth and 
Fabroil gear, noise is practically eliminated if the gear 
is properly cut and proper clearances are used. 3. The 


Angle 

25 deg. 50 min. 53 sec. 
19 deg. 34 min. 

21 deg. 47 min, 

29 deg. 

19 deg, 

23 deg. 30 min. 

24 deg. 51 min. 

22 deg. 51 min. 00 see. 
25 deg. 50 min. 32 sec. 
19 deg. 45 min. 

24 deg. 36 min. 

28 deg. 14 min. 





Fatroil timing gears em- 
ployed on Buick 1921 car. 


gears are certain to give correct timing and not to jump 
a tooth occasionally, as may happen with other methods. 
4. No adjustments are necessary. 5. Vibrations which 
occur at critical speeds do not show themselves in the 
way of noise or hammer. Furthermore, there is no erlt- 
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ical speed in the gears at which they may vibrate. 6. 
While fitting of the gears requires close work in the fac- 
tory and entails careful attention, the job when passed is 
good for thousands of miles without any expenditure for 
adjustment or upkeep.” 

The Apperson company uses a cast iron gear on the 
camshaft and a drop forged steel gear on the crankshaft. 
The pitch diameter of these gears is 6%4 and 3°%% in. The 
teeth are cut with a ten pitch cutter. The angle of spiral 
i 27 deg. 16 min. The normal circular pitch is 0.3141 
and the lead is 41.144 in. right hand spiral. The Apper- 
son installation mentioned employs cnly two gears in the 
gear train, the crankshaft pinion and the camshaft gear 
vertically above it, as this is an eight-cylinder engine. 
On truck engines, this practice of using steel against iron 
js practically universal. There noise is not such a factor 
and is a secondary consideration to life. In passenger 
car practice, silent operation is most essential and for this 
reason another factor enters the problems, namely, reso- 
nance of the timing gearcase. 

The search for non-resonant materials for timing gear- 
cases has not developed anything which is very much su- 
prior to cast iron. Aluminum, when properly ribbed, is 
not bad. Most engineers, however, agree that cast iron 
js superior from a resonance standpoint, even though 
heavier. The use of the solid web in the idler gear in 
place of spokes has also been found to reduce sound to 
some extent. Sources of vibration, however, cannot al- 
ways be foreseen, and sample engines often show too 
much resonance in the timing gear train and gearcase 
inspite of precautions taken to guard against this trouble. 
Practically all designers have had some experience with 
unexpected noises developing at this point, and many 
amusing stories are told of the tuning fork effect of cer- 
tain types of timing gearcase covers. With practically all 
other noises in the engine almost completely subdued this 
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The Peerless cam- Method of lubricating timing gears 
shaft gear is of on Continental engine. In addition 
Fabroil with a steel to the oil leads to the timing gears, 
hub. excess oil from the overflow passes 


back to the crankcase over the 

faces of the timing gears, so that 

at higher speeds they are copiously 
lubricated. 


timing gear problem is assuming great interest to all en- 
gineers concerned in the development of quiet engines. 


Problems and Possibilities of the Aluminum Piston 


(Continued from page 1266) 


become somewhat loose when the piston is hot, owing to 
the higher expansion of the aluminum as compared with 
the iron or steel bush. If the fit becomes too loose, then 
‘hammering’ and consequent wear is likely to result. 
From this point of view, the “cast in” bush is to be pre- 
ferred. Here the “fit” is between hot aluminum and com- 
paratively cold iron, and subsequent shrinkage leaves the 
light alloy casting under an internal tensile stress around 
the bush. This must not be permitted to become unduly 
high, otherwise the casting may crack. So long as this 
is avoided, however, the presence of such a stress is a 
desirable feature, since the heating of the piston then 
merely releases the stress and still leaves the bush tight 
in its place. Allowing the piston pin simply to “float” 
directly in a simple hole machined in a boss of the alumi- 
tum alloy casting has also been tried, but it is doubtful 
Whether the bearing surface thus obtained is large 
fnough. There is some reason to think that aluminum 
dlloys afford a good bearing surface for moving steel 
parts, but it is necessary that the working pressure should 
te kept very low. If the piston pin were large enough— 
’ were given an increased diameter at the ends, there- 
fore, the simple “direct” construction would probably 
prove quite satisfactory. 

Although it cannot be claimed that the whole subject 
of the aluminum alloy piston has been exhaustively 
treated in what has here been said, it is hoped that the 
kading points have been dealt with to a sufficient extent 
‘0 enable those designers and constructors interested in 





the matter to follow it up further and to form their own 
opinions. Whether the aluminum alloy piston has “come 
to stay” in the automobile engine is still a matter for ner- 
sonal opinion. That it does allow of the construction of 
an engine of higher efficiency cannot be doubted, and since 
reduction of weight in the automobile necessarily implies 
the use of a more efficient power unit, there is some reason 
to think that on this ground there is an important future 
for the light alloy piston. Some advanced thinkers regard 
it as being but the first step to an “all aluminum” engine 
or even an “all aluminum automobile,” and there can be 
no doubt that both cylinder castings and connecting rod 
forgings of light alloys have been successfully used. It 
will be well, therefore, for progressive automobile de- 
signers and engineers to bear the future possibilities of 
light alloys very carefully in mind. 





HE situation of the petroleum industry in Rumania is 
reported to be such that its prosperity is greatly en- 
dangered. For a long time the majority of the wells have 
been exploited with the aid of foreign capital. This ex- 
ploitation has practically been put to an end by the refusal 
of the Rumanian Government to permit the exportation of 
the petroleum except for domestic needs. Moreover, by a 
recent decree the Government is trying to create a monopoly 
of the transport of petroleum, with the object of later 
transferring this monopoly to a private corporation. It is 
evident that under these conditions foreign capital will not 
be interested in further development of these oil fields. 
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American and British Practice in 
Clutch Design 


A paper in which the advantages and disadvantages of various types of 


clutches are discussed and the merits and demerits of many design fea- 


tures are pointed out. 


Notes on the theory of design and a tabulation 


of dimensions, pressures, capacity, etc., of many makes are also given. 


By Herbert Chase! 


HE cbjects of this paper are to (a) set down in 

convenient form for reference purposes particulars 

concerning American and British’ practice in clutch 
design, (b) compare the advantages and disadvantages of 
various types of clutches and (c) give some notes on the 
theory of design without attempting a comprehensive 
treatment of the numerous factors involved in this theory. 
The descriptive portion deals almost entirely with clutches 
used on passenger cars and trucks, but some of the clutches 
described are applicable to other automotive uses. The 
notes on the theory of design apply in general to all auto- 
motive clutches. The clutches considered can be divided 
into the four general classes of cone, single plate, multi- 
ple disk and shoe or band types. 


The Cone Type 


The cone type was used almost exclusively for many 
years for both passenger cars and trucks. It still is used 
very widely by Continental European and British builders, 
and has a considerable number of advocates in this coun- 
try. It is simple in construction and can be made light 
enough to be brought quickly to rest when changing gear, 


Fig. 2—Double ccene clutch 
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Fig. 2—The 1°-hp. 


Fig. 1—Cone clutch with dashpvot Humber clutch 





at least in moderate capacities. In certain forms it is 
not expensive to manufacture and is fairly reliable; but, 
for a variety of reasons, it has steadily lost ground jp 
this country and is used to-day by less than 8 per cent 
of car and 6 per cent of truck builders. In England over 
60 per cent of car chassis and nearly 80 per cent of truck 
chassis still have cone clutches. It should be borne ip 
mind that nearly all British builders make their own 
clutches, and that the average torque transmitted is much 
lower than it is in this country because British engines 
are smaller and, in the average case, of rather hizher 
speed than American engines. Preference for the cone 
type in Europe is ascribed by some to simplicity and lower 
cost of production when the quantity is small. There are 
some who say that the cone type is ideal when properly 
constructed, and one British writer’ contends that if the 
same ingenuity had been expended on the cone type as on 
the plate and disk types the first named would have proved 
so cheap, simple and satisfactory that other types would 
be considered expensive luxuries. 

The chief failing of the cone type has perhaps been 
due to the fact that, as frequently constructed, the full 
pressure of the spring comes into action immediately upon 
engagement of the friction surface, thus causing the 
clutch to grab or pick up its load suddenly. To some ex- 
tent at least this can be avoided by a variety of means. 
Among the simplest of these is the placing of subsidiary 
springs under the facing, so that the whole of the facing 
is not engaged simultaneously. A dashpot, similar to that 
shown in Fig. 1, also can be used, but this precludes sud- 
den engagement which is sometimes necessary. Another 
expedient is to arrange two or more springs so that they 
come progressively into action on the cone during the 
period of engagement. Practice in respect to the angle 
of the cone varies widely, from 10 to 16 deg. in British 
types. The sharper the angle used, the lighter 1s the 
spring pressure required to carry a given load with ‘ 
given diameter and nature of surface. The clutch is likely 
to grab when the angle is made too fine, while a fairly 
wide angle tends to prevent grabbing but requires a heav} 
spring. The advantages of both are said to be realized in 
the construction shown in Fig. 2, in which a double one 
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jsemployed. The wide angle surface engages first, while 
che narrow angle face coming later into engagement fur- 
sishes sufficient friction to carry the full load without 
slip. 

Not many years ago all cone clutch facings were made 
of leather, which often becomes hard and sometimes glazed 
jue to slipping on engagement. The clutch then either 
fails to carry the load or grabs until the facing is treated 
with oil. Too much oil lowers the friction coefficient 
enough to bring about slipping and fullers’ earth must 
then be applied to prevent slipping. Annoyance of this 
sind caused prejudice against the cone type and has fa- 
vored the development of other types. To-day, asbestos 
‘abric is employed frequently for cone, as well as for 
ther clutch facings. Cone clutches are sometimes allowed 
run in oil, as in the case of the Humber clutch shown 
n Fig. 8. This keeps the facing material, which is leather 
in this case, relatively soft and pliable but of course de- 
reases the friction coefficient and, other things being 
qual, requires the use of a stronger spring. 

To facilitate gear changing, it is desirable to decrease 
‘the moment of inertia of the driven member attached to 
the transmission; hence, its weight and diameter should 
ie kept as low as possible. Some consider American prac- 
tie superior to the British in. this respect and say that 
year changing is easier on the American cars, but this may 
edue partly to other factors. To minimize weight, either 
pressed steel or aluminum is employed for cone clutches. 
In some cases, as in the Clement-Talbot clutch shown in 
fig. 4, the friction facing is attached to the female driv- 
ing member instead of to the driven member, and the 
iriven member is thus further lightened. This practice 
3 said to have not been universally successful, due to 
lificulty in attaching the facing satisfactorily. In some 
ases facings are made and secured in segments, rather 
thn in one piece, when they are carried by the driving 
nember. The builder of the British Phoenix cars has 
flowed the practice for many vears of using an alumi- 
tum cone running in oil and bearing directly on the cast 
ion flywheel. Phoenix cars are of small size, but the 
wactice has apparently been successful, for it is followed 
wen in the latest and largest 18-hp. model of this maker. 
Not all cones are of the conventional form, fitting di- 
rectly into the flywheel. Some are of the so-called inverted 
‘ype, such as the Humber, shown in Fig. 3, and are pushed 
‘rward toward the flywheel to disengage them. In this 
ase a separate ring is required between the clutch and 
‘he flywheel proper. Nothing appears to be gained over 
‘he conventional type, unless it be in the compactness real- 
wd by placing the spring between the flywheel and the 
lutch. Nearly all springs used in clutch construction are 
‘ither helical or volute types under compression. In many 
aes a Single heavy spring centrally located is used, but 
‘Wo or more, equally spaced around the circumference near 
‘he periphery of the clutch are often employed. An excep- 
‘ion is the Thornycroft clutch illustrated in Fig. 5, which 
‘ploys two laminated leaf springs, one on each side of 
te axis. These are fastened to the flywheel rim at each 
‘nd by bolts, and make contact at the center with the ball 
‘trust bearing. The thrust of the engaging spring is 
sually taken by the flywheel clutch unit; that is, the two 
‘sometimes the clutch alone are self-contained, and no 
‘“tust is transmitted to external members except on dis- 
‘lgagement. This is not true, however, in the case of the 
Jaimler car, which has an exterior spring attached to 
te chassis frame applying pressure to the clutch and fly- 
‘heel which must be taken up on the crankshaft. This 
‘onstruction is, of course, very much out of date. 

So far as British practice is concerned, it appears that 
here is not much to choose between well made cons and 
date types. Their respective merits are so nearly the 
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Fig. 4—The Clemert-Talbot 
clutch. 








Fig. 5 The Thornycroft clutch 


























same that even experienced users accept either type with- 
out question. In other words, the type of clutch used is 
not a selling point in England. This can hardly be said to 
apply in this country, where perhaps the cone type has 
not been developed to the same extent as in British prac- 
tice. The unsatisfactory performance of the cone type 
in some instances, and other factors, have led to the de- 
velopment of other types here, notably the multiple disk 
type, which has advanced further and is more widely used 
in this country than in Great Britain or Continental 
Europe. 


The Single Plate Type 


The single plate type of clutch is used widely in both 
this country and Europe. When well made and properly 
adjusted, it is smooth acting. It is of simple construc- 
tion and can be made with few parts; consequent!y it 
lends itself to economical production in quantity. As com- 
pared with the cone and the multiple disk types, heavier 
spring pressure is required to carry the same torque; 
hence, if the same linkage is used, the pedal pressure nec- 
essary to disengage the clutch is greater, unless a much 
larger diameter of plate is employed. For this reason 
multiplying levers are employed in the throwout mechan- 
ism, and many different arrangements of levers are used 
in plate clutches of different makes. In some cases the 
levers are attached to and rotate with the driving mem- 
ber, while in others external leverage, aside from that on 
the pedal lever, is employed. 

Figs. 6 to 13 show plate clutches using multiplying 
throw-out levers. Some of these are employed on trucks 
and some in passenger car service. A somewhat differ- 
ent design of lever is employed in all of these eight 
clutches. In the case of the Autocar, Fig. 6, the Dennis, 
Fig. 7, and the Napier, Fig. 8, adjusting screws which 
can be backed off as the facings wear are provided on the 
levers. The Bristol, Fig. 9, the Halley, Fig. 10, the Mack, 
Fig. 11, and the Austin, Fig. 12, appear .to have no pro- 
vision for adjustment within the clutch itself. On the 
Arrol Johnston, Fig. 13, the spring pressure.can be varied 
by turning the threaded spring caps, but the levers are 
non-adjustable. In all of these eight clutches three or 
more springs, equally spaced in a circle having a radius 
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Fig. 6—The Autocar clutch. Fig. 7—The Dennis 2-ton clutch 
approximately equal to the mean radius of the friction 
disk or disks, are employed. These are so-called ‘direct 
acting springs,” since their pressure acts directly upon 
the friction surfaces and not through levers, as in the 
types that will be described later. As the facings wear, 
the springs become somewhat longer and their pressure 
decreases correspondingly, but the increase in the length 
is usually small and, if the spring is properly proportioned, 
the decreased pressure is still within the capacity factor of 
safety allowed. 

With the single plate type, the unit pressure on the 
friction surface usually is high and, since the slip with 
its consequent abrasive action which takes place during 
engagement and disengagement occurs as a rule only on 
two faces, the wear on these surfaces is relatively rapid. 
This disadvantage of the single plate type is minimized 
by making the disk of as large an area, and consequently 
as large in diameter, as is feasible; but, when the diam- 
eter is large, the inertia of the driven member becomes 
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Fig. 8—The 40 to 50-hp. Napier clutch. Fig. 9—The Bristol 4-ton clutch 
great and gear changing more difficult. To minimize the 
weight and inertia of the driven disk, it usually is made 
fairly thin and the friction surfaces are, as a rule, car- 
ried on the driving members. The thin plate is notice. 
able especially on the Bristol clutch shown in Fig, 9. In 
some cases, however, so thin a section has been employed 
that the heat caused by slipping has resulted in warping 
the plate enough to require its renewal. High tempera- 
cures are often reached when, as in traffic driving, slip- 
ping occurs frequently. Heat can radiate but slowly from 
vlates so fully enclosed. 

The Mack clutch illustrated in Fig. 11 is designed so 
that the driven friction disk only is clamped between the 
two driving members. It is carried by a light steel plate, 
out is riveted to this plate at points nearer to the center 
than the bearing surface. This arrangement, no doubt, 
adds somewhat to the moment of inertia, but it has the 
advantage of requiring only a single disk of friction ma- 
terial which takes the wear on both sides. Furthermore, 
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Fig. 10—The Halley 3'/.-ton clutch 





Fig. 11—The 
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Mack clutch Fig. 12—The 20-hp. Austin clutch 
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Fig. 15—The Hoosier clutch 
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Fig. 14—The Borg & Beck clutch 


is wear occurs, the rivet heads never bear on the metallic 
iriection surface as in most other constructions after con- 
iderable wear takes place. 
the friction disk is much increased. 
at type of single plate clutch widely used in this coun- 
ty is shown in Figs. 14 to 16. 
ingle spring placed co-axially with the clutch itself and 
ranged so that the pressure of the spring on the facings 


In this way the useful life of 
A somewhat differ- 


This type employs a 


‘multiplied by lever and toggle devices. The advocates 
{this type claim the advantage of uniform pressure at 
il points on the friction surface, which, they contend, is 
it secured when separate direct acting springs are em- 
loyed. This advantage is, however, dependent upon hav- 
ig the same size and fit on the various bearing parts 
wolved, as well as on equal wear; hence, there is some 
estion whether a more uniform pressure is obtained in 
ality than is secured by properly calibrated sets of 
wrings acting directly on the friction faces. One disad- 
attage resulting from the use of levers to multiply 
pring pressure is the fact that the motion of the long 
ad of the lever due to wear on the facings is multiplied 
ithe ratio of the lever arms. If this ratio be 5 to 1, 
var of 1/16 in. on the facings means a 5/16-in. exten- 
‘on of the spring. In some designs this amount of mo- 
‘ion will involve sufficient reduction of pressure to permit 
‘lipping and, since a motion of the throw-out sleeve of 
‘dout 14 in. is usually allowed, it is necessary with this 
‘ype to adjust with relative frequency. Hence, clutches 
ithis type are, as a rule, provided with means for quick 
idjustment. 

In the Borg & Beck clutch shown in Fig. 14 ad/ust- 
tent is made by turning the ring on which the toggle 
“ers are carried, thus causing the inner ends of the 
‘ggles to bear sooner on the helical surfaces provided on 
te thrust ring. The toggle ring is then locked in place 
‘two cap screws passing through the cover plate. In 
te Hoosier clutch, illustrated in Fig. 15, a similar ad- 
listment is made by turning the threaded adjusting ring, 
Thich is then locked by cap screws in a manner similar 
‘Othat used in the Borg & Beck clutch. The re'ease sleeves 
ed in these two clutches are attached to and turn with 
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Fig. 16—The Rover clutch. 
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the driven member, while the collars against which the 
toggle levers bear at their inner ends turn with the driv- 
ing member. This necessitates the use of an extra near- 
ing between the two, which is not required in most other 
constructions. The facings in these two clutches are al- 
lowed to float; that is, they are not attached to either the 
driving or the driven members. Since no rivets are re- 
quired, the facings can be used without renewal until 
near.y worn through. 

The earlier types of multiple dise clutch ran in oil and 
used alternate disks of bronze and steel. With the excep- 
tion of the Phoenix cars which, as stated above, use alu- 
minum cone clutches running in oil and bearing on the 
cast iron flywheel, few other metal-to-metal clutches are 
used to-day. One of these is the Rover, shown in Fig. 16, 
which has a single phosphor bronze plate running in oil 
between two cast iron surfaces. Levers which multiply 
spring pressure on the friction surface are employed as 
in the case of the last two clutches mentioned, but these 
are not of the toggle type in which a certain wedging 
action occurs. The use of oil, of course, reduces the co- 
efficient of friction, and this necessitates greater pressure 
than would be required otherwise. Other disadvantages 
encountered when disk or plate type clutches run in oil are 
cited under the head of multiple disk clutches. In the ease 
of the Rover clutch the torque transmitted is only that of 
an engine of 12-hp. rating; hence, it would seem to be 
possible in a clutch of the proportions shown to work with 
a large factor of safety, and this is no doubt the case, 
for the clutch is said to work very well in practice. The 
Royer clutch is designed for use with a separate transmis- 
sion; hence a universal joint is employed at its center. 
The disengaging sleeve is keyed to the driving member 
and therefore rotates with it. Through this sleeve passes 
the shaft of the universal joint which, of course, turns 
with the driven member; but, since this shaft does not 
touch the sleeve, no bearing is required between them and 
the thrust of the spring is taken against the casing direct. 
This makes the extra bearing used in the Borg & Beck and 
the Hoosier types unnecessary. Spring pressure can be 
varied by turning the threaded sleeve, against which it 





THE 


























Fig. 18—The Vauxhali clutch Fig. 
bears, in or out of the conical housing. The bronze driven 
member apparently wears so little that no other adjust- 
ment is required. 

A variation of what is essentially a single disk type of 
clutch is shown in Fig. 17. This is known as the Twin 
Disk clutch and has a pair of driven but only one driving 
plate, thus reversing the usual single plate arrangeiment 
and materially increasing the weight and inertia of the 
driven member. No engaging springs are used in the 
clutch. It is of the locking toggle type and consequently 
must be positively engaged and disengaged. For this 
reason it is not suited to or intended for use on automo- 
biles or trucks, but can be used in some tractor applica- 
tions. It is adjusted easily by disengaging the spring 
retained pin projecting from the threaded toggle carrier 
ring, and then turning this ring until the pin falls into 
another hole on the driven member. 


The Multiple Disk Type 


The multiple disk clutch is regarded by many American 
engineers as the best of all types for both passenger car 
and truck service, as is evidenced by the fact that it is 
used on nearly all of the more expensive cars produced 
here. This type of clutch has apparently been developed 
to a higher degree here than in Europe, while these other 
types, as previously pointed out, have seen the greater de- 
velopment. Partly for this reason, the multiple disk type 





Fig. 21—The clutch 
used on the Pack- 
ard single-six car 


Fig. 22—The clutch which is 
used on the Reo passenger car 
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19—The Hupmobile clutch. 
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Fig. 20—The Dctlaff clutch 
is not used widely either in Great Britain or in Conti- 
nental Europe, although some car builders there use it 
with evident satisfaction. The multiple disk type of 
clutch in most forms is more expensive to manufacture 
than other types, hence, its use has been more general in 
the higher priced cars. It is used, however, in many low 
or moderate priced cars, in the Ford and_ ie Dodge cars 
for example, and is not inherently expensi-e to produce, 
The earlier types of multiple disk clutch were of the 
metal-to-metal variety and used either all hardened steel 
disks or alternate disks of steel and bronze, or steel and 
copper. Some clutches of this type are still used, such as 
the Vauxhall, which is shown in Fig. 18. With this con- 
struction it is necessary for the clutch to run in oil. This 
permits a smooth engagement but the use of oil results in 
more or less trouble, for satisfactory operation of this 
variety of multiple disk clutch depends upon having both 
the correct viscosity and the proper quantity of lubricant. 
Too much or too viscous lubricant will tend to prevent 
proper engagement and consequently cause slipping, and 
will tend also to make adjoining disks adhere when dis- 
engagement is required, thus causing the clutch to drag 
and render gear changing difficult. Lubricant which is 
of too low a viscosity or is present in too small a quan- 
tity is apt to result in grabbing or cutting of the plates. 











Fig. 23—The G. M. C. truck clutch 
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When oil is used the coefficient of friction is, of course, 
very much reduced, and in consequence many more plates 
are necessary for a given pressure and diameter to carry 
a given torque than when dry disks are employed. In 
consequence, the clutch which runs in oil is, for the same 
capacity, usually more expensive and heavier than the dry 
multiple disk type. For these reasons a great majority 
of the multiple disk clutches used to-day have disks of 
steel, with alternate disks faced with asbestos composi- 
tion; these disks run dry, and are frequently not en- 
closed. Clutches of this type prove highly satisfactory 
in service when well constructed and properly propor- 
‘ioned. They are smooth in engagement, require practi- 
cally no attention throughout the life of the facings, which 
ist, as a rule, from 20,000 to 50,000 or more miles of car 
operation, and then are replaced easily. This type of clutch 
ig compact and, since the driven members are light and 
of small diameter, gear changing is facilitated. While 
the number of parts used is greater than in other types, 
most of these are duplicate stampings, easily and cheaply 
made; hence, the cost of production need not be high and 
the clutch is readily made in a self contained easily re- 
movable unit. 
multiple disk construction makes for long life, and the 
large number of surfaces permits the use of relatively 
light spring pressures and consequent easy action. In 
sme cases fairly heavy springs and a small number of 
disks are employed without apparent advantage, except 
perhaps in the matter of cast. 

Two distinct classes of multiple disk clutch are recog- 
nized in the American trade; the pin type, in which the 
drive or torque is taken through pins attached to the driv- 
ing and driven members, and the gear tooth or key type, 
in which gear teeth, keys or their equivalent take the 
drivee The Hupmobile clutch shown in Fig. 19 and the 
Detlaff clutch illustrated in Fig. 20 are examples of the 
pin type. The Detlaff company makes also a gear type 
that is not shown here. It will be noted that the driving 
disks engage with driving pins, usually three in number, 
attached to the flywheel, while the driven disks engage 
with similar pins carried on the rear driven member which 
i, in turn, keyed or splined to the driven shaft connected 
to the transmission. In the Detlaff clutch the driven pins 
aso carry the engaging springs, but in the Hupmobile 
design the springs are on separate pins, making a inore 
compact layout, but adding extra parts. The friction fac- 
ings in one case are riveted to the driving plates; in the 











Fig. 24 The Hilliard clutch 


The large friction surface obtainable in 





Fig. 27—The Browne clutch 


other they are riveted to the driven plates, adding, it would 
seem, unnecessary weight to the driven unit. In ‘nost 
if not all cases the pin type of construction is less expen- 
sive and probably somewhat lighter than the gear or disk 
type, but it has one rather serious disadvantage as ordin- 
arily constructed; it is apt to become noisy when wear 
takes place, because the holes in the disks through which 
the driving and driven pins pass cannot be made tw fit the 
pins tightly, owing to the fact that the disks must be free 
to slide upon the pins and that the disks must be free to 
expand under heat, and consequently must have sufficient 
clearance to allow this expansion. Since the hole is either 
somewhat elongated or of larger diameter than the pin, 
only line contact between the two is possible without de- 
formation or wear. Since the disks are relatively thin 
and the pressure due to torque is considerable, wear does 
take place and chattering frequently results when the 
clutch is disengaged. 

Efforts to minimize wear are frequently made by pro- 
viding larger bearing surface. This is done in the Detlaff 
design by punching the holes with a lip turned outward. 
In the Hupmobile clutch bushings are attached to the disks 
at the driving pin holes, but none are provided at the 
driven pin holes where, of course, the torque and pressure 
are greater. However, so long as round pins are employed, 
only line contact is theoretically possible. In some cases 
more than three pins are used, increasing the number 
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Fig. 25—The Locomobile clutch 
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Fig. 26—The Merchant & Evans clutch 
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and total area of contact surfaces between pins and disks. 

The gear or key type clutch goes another step further 
in this direction by increasing the number and area of 
the contact surfaces still more. Examples of the gear type 
of construction are the Packard, shown in Fig. 21; the 
Reo, in Fig. 22; G.M.C., in Fig. 23; and the Hilliard, in 
Fig. 24. The Locomobile clutch shown in Fig. 25 is an 
example of the key type, while the Merchant & Evans 
clutch in Fig. 26 is a combination of gear and key con- 
struction. The Browne clutch shown in Fig. 27 uses a 
straight side tooth on the driving disk, while the dr:.ven 
disks bear on substantial cast lugs. In clutches of these 
types an external driving ring, which can be an integral 
part of the flywheel, and an internal driven drum gener- 
ally are employed. As a rule, the ring has either internal 
teeth cut therein or keys usually secured to its internal 
surface by rivets. The driving plates are formed to mesh 
with the ring teeth or keys, with sufficient clearance to 
slide freely in an axial direction. The drum has teeth or 
keys cut in or attached to its external surface, and tnese 
teeth, meshing with corresponding teeth or recesses in 
the driven plates, transmit the torque to the driven shaft 
to which the drum is splined or keyed. 

The disks will bear equally on each tooth when wel! cut 
gear teeth are employed, thus reducing the unit pressure 
and wear as compared with the pin type. In the key type 
each key will bear equally over the full area of the notched 
surface of the disk, when properly made. Since the :um- 
ber of bearing surfaces can be made large, the aggregate 
surface is considerable and the unit pressure is much de- 
creased relatively. In the Browne clutch shown in Fig. 27 
the key type construction is carried a step further with- 
out using keys. The driving plates have straight side 
teeth which mesh with simiiar teeth broached in three 
separate gear segments attached to a standard S. A. E. 
flywheel rim, while driven plates have a large bearing 
surface on flat faced lugs cast integrally with the driven 
spider. The segments are stampings easily and cheaply 
produced in quantity; their use makes it unnecessary to 
use an expensive ring gear with internally cut teeth. Both 
the gear and the key types are apt to be less noisy than the 
pin type, but in general they are more expensive and are 
therefore used, as a rule, only on the more expensive and 
higher powered cars and trucks. They are better suited 
than the pin type to carrying a large number of piates 
and usually are able to transmit a higher torque. It will 
be noted that practice varies considerably in respect to 
the number of disks employed, the method of applying 
spring pressure and the location of the springs. 

Since the torque capacity of any plate or disk clutch 
is directly proportional to the product of the number of 
surfaces between driving and driven members, the ‘otal 
pressure on the surfaces and the mean radius of the sur- 
faces, it is evident that, for a given torque and mean 
diameter of clutch, the greater the number of disks is, the 
less is the pressure required and the less wear there is 
on the facings; the reverse also is true. The Merchant 
& Evans Co., which makes the clutch shown in Fig. 26, 
advocates the use of a small number of disks and there- 
fore employs relatively heavy pressure. To get this with- 
out excessive pedal pressure, resort is had to levers that 
multiply the spring pressure. In so doing, a construction 
is emploved similar to that used in the Borg & Beck and 
in the Hoosier plate designs shown in Figs. 14 and 15. In 
fact, the clutch shown in Fig. 26 might be termed a two 
plate type and is subject to the same disadvantages cited 
in connection with Figs. 15 and 16, since it requires an 
extra bearing and relative frequency of adjustment, but 
for the same diameter it has a larger wearing surface 
than the two typés with which it is compared. 

The other multiple disk clutches shown employ a large 
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number of disks and, with the exception of the Hilliarg 
clutch, which in some cases runs in oil and uses multi. 
plied spring pressures, have direct acting springs giving 
lower total pressures on the friction surface than other 
types. In the G. M. C. truck clutch shown jn Fig, 93 
two centrally located springs are employed. In this in 
the outer end of the clutch shaft is carried in a bal] jeg). 
ing supported by a bell housing attached to the crank. 
case. This latter is conventional American practice where 
a separately mounted amidship transmission is used, 

The Locomobile clutch shown in Fig. 25 is UNconven. 
tional in that the double row ball pilot bearing is carzigy 
on a spigot extending from the flywheel, whereas this 
bearing is usually recessed within the flywheel, and in that 
it incorporates within the clutch a fabric universal joint 
From this joint the driven shaft extends through a tuby. 
lar extension of the pressure plate, but does not touch the 
latter. No bell housing is necessary in this case, although 
a separate amidship transmission is used. A single cep. 
tral spring is employed. Another rather unconventional 
construction which incorporates a universal joint gs , 
part of the clutch unit is that of the Reo clutch shown jn 
Fig. 22, in which the crankshaft is extended well bevond 
the clutch where a plain pilot bearing supports a block 
type universal at the end of the shaft connecting clutch 
and transmission. The ball thrust throw-out bearing is 
placed between the driving pressure plate and the driven 
throw-out collar, no other bearing being required between 
the two. Pressure is applied by three springs carried 
within the flywheel and equally spaced around the cir- 
cumference of the pressure plate. There are six driven 
plates and only a relatively light spring pressure should 
be required. 

The clutch used in the latest model of Packard passen- 
ger car is shown in Fig. 21. This is of the more or less 
conventional design used in connection with unit power 
plants. There are but three driven plates; hence, heavier 
spring pressure is required than would be necessary with 
more plates and the same torque. This pressure is sup- 
plied by four springs carried between the driven drum 
and the flywheel. An external multiplying linkage is em- 
ployed between the clutch and the pedal to decrease the 
pedal pressure required to disengage the clutch. A plain 
pilot bushing is used within the crankshaft flange. The 
Browne clutch shown in Fig. 27 is one of the most recent 
designs of multiple disk clutch. While it deviates but lit- 
tle from conventional practice it incorporates several re- 
finements in detail which indicate thorough appreciation 
of the problems involved both in use and in manufacture. 
For example, multiplying levers are used to decrease the 
throw-out pressure, which makes for light pedal pressures 
without external multiplying linkage, but the springs are 
direct acting and proportioned so as to require no adjust- 
ment during the life of the facings. The springs are °0l- 
tained within a pressed metal cup and carried on a thin 
metal tube which is turned over at its ends to preven: the 
spring from attaining its free length when the spring 
bolt nut is removed. The length of the tube is such as to 
enable the nut to catch a few threads on the bolt before 
seating on the spring. This greatly facilitates assem: 
bling, especially when the clutch is dismantled in a repair 
shop for the renewal of facings. on 

Adjustment is seldom required in the multiple disk type 
of clutch with direct acting springs, and then 1s “ 
usually by turning up the nuts on the spring bolts. . 
the Browne clutch another and very convenient — 
ment is provided. The multiplying throw-out levers nn 
carry a threaded bolt with two heads. The —_ a 
projects through a slot in the cover plate, and is a see 
to bear on the plate. The inner head bears on the — 
surface of the cover plate when the clutch 1s disengagee- 
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As wear takes place in the friction disks the plate moves 
inward, leaving the bolt heads projecting above the sur- 
face. When they are seen to project about 3/16 in., they 
are simply sciewed in until they again bear on the plate 
and the clutch is then again in adjustment. Such adjust- 
ment is required only once or twice during the life of the 
facings. Allowing all the bolt heads to bear on the plate 
assures uniform adjustment of the levers. 


The Band-and-Shoe Types 


Since band-and-shoe types of clutch are little used in 
automobile and truck applications, no special effort has 
been made to collect designs of this character, but one of 
the shce type known as the Pfeiffer clutch is shown in 
Fig. 28. This consists of two semicircular shoes covered 
with asbestos fabric and arranged to engage the inner 
surface of the flywheel rim under influence of the spring 
and togg!'e mechanism shown. The action is somewhat 
similar to that of an internal expanding brake. The fric- 
tion surface is fairly large and, since it is disposed at a 
rather large radius, the clutch should have high torque 
capacity with the multiplying linkage shown, even though 
the spring used be light. The 
weight and inertia of the driven | 
member are considerable, how- oT Y 
ever, and therefore gear chang- : 
ing will not be facilitated, while 
somewhat frequent adjustment 





lubricant. In fact, it is generally enclosed and packed with 
light grease which lasts in numerous cases for many 
months or even years of operation. In unit powerpiants 
whose service is heavy and continuous, provision is some- 
times made for lubrication by oil from the transmission 
by using a hollow clutch shaft drilled at a point near the 
bearing. If desired, the pilot bearing can be lubricated 
in similar fashion, but means to prevent excess oil from 
reaching the clutch facings are necessary; otherwise, in 
the dry type of clutch, slipping will occur. The pilot bear- 
ing, usually carried in a recess in the flywheel or crank- 
shaft flange, is frequently of the radial ball type, but plain 
or oilless bushings are often used. The pilot bearing re- 
quires little lubrication, but is sometimes lubricated by 
oil seepage from a porous wicking plug, one end of which 
is supplied with oil under pressure in the hollow crankshaft 
of the engine. The driven members of some clutches, esne- 
cially those of the cone type, are carried on spigots or 
extensions of the crankshaft. Usually, they have plain 
bushes, but ball bearings are used in some cases. 

It is customary to provide a clutch brake to reduce the 
speed of rotation of the driven clutch members on dis- 
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be necessary on account of the i= 

large multiplication of pressure HT 

employed. Clutches somewhat . oink 

similar to external band brakes | \ “ee pail LL = 

have also been used in automo-  } a. Hitt | ria 

tive vehicles, but these are sel- i a a a 
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fore not described. P 

Details of Design : \ ame 
All clutches require some type bal | AA if 

of bearing which will take the bd He > u LO 

thrust imposed by the throw-out L__ 


mechanism in disengaging. Ball | POAIPEL ITI 
thrust bearings are frequently 1 
employed. These are relatively a 
cheap and give satisfaction when 

not required to carry radia! as 

well as thrust loads, especially if the construction is such 
that they run only when the clutch is disengaged. When 
radial loads are imposed, either radial or angular contact 
ball bearings are usually employed. These types are some- 
what more expensive than the straight thrust type, but are 
much better suited to carry radial loads; in fact, the 
straight thrust type is seldom recommended, although it is 
sometimes used when the radial load is light. It is then 
apt to become noisy and wear eccentric grooves. 

When the thrust bearing is enclosed by a casing which 
is held agairst rotation by trunnion pins bearing upon 
the throw-cut lever, which is a construction that is em- 
ployed frequently, the bearing runs continually when the 
clutch is engaged and the engine is turning over. Al- 
though the load under these conditions is light, the con- 
tinual running, frequently at high speed, inevitably causes 
Wear, even though lubrication is facilitated with this con- 
struction. A design preferred by many engineers is that 
in which the bearing does not run continuously. The 
throw-out levers or ring are arranged to clear the thrust 
bearing except during the periods of disengagement, which 
are relatively very short as compared to the periods of 
engagement. When so arranged the bearing wears longer 
if properly lubricated, and even then requires but little 








Fig. 28—The Pfeiffer shoe type clutch 


engagement and facilitate gear changing. This is usually 
in the form of a disk of small diameter arranged to bear 


on a flange or collar attached to the throw-out sleeve, and 


in general is made of fiber or asbestos composition. The 
brake disk is fastened to the gearbox as a rule, in the 
case of unit powerplants, or to the bell housing when a 
separate gearset is employed, but it is sometimes allowed 
to float on the clutch shaft between the thrust bearing 
and some flatfaced stationary member. The clutch brake 
is of course more important with clutches having heavy 
driven members with considerable inertia than with 
lighter driven members, and is not essential in some types, 
especially the multiple disk type in which the floating 
driven members are light and of small diameter and 
decelerate rapidly, due perhaps to a degree of dragging 
which is not, however, sufficient to cause the difficulties 
which a more positive dragging incurs. In plate and disk 
clutches it is necessary to provide means whereby the 
driven members shall be free to float in an axial direction 
on disengagement, even after some wear takes place. In 
some designs small relief springs are arranged to wgive 
more positive disengagement, but these are not essential 
except perhaps in some designs in which piate or disk runs 
in oil, which may cause adhesion under certain conditions. 








Nationality || 


| of Car, Truck or Clutch‘ 


Model and 


Name, 


| 





| Figure Number 


4\Clement Talbot, 15 Hp.(E) 
\Clement Talbot, 25 Hp.(E)/4-4 x54} 


-2C ommer, 2 Ton (E) 


.|Commer, 344-5 Ton (E) 


..|De nnis, 3-4 Ton (E) 
..!Guy, (P) 20 Hp. (E) 
iGuy, 2% Ton (E) 

; ae (C) (A) 


3\Humber, 10 Hp. (E 
|Humber, 16 Hp. ( 
‘ |Maudesley, 3 Ton 
‘|Oakland, (P) (A) 
\Sunbeam, 16 Hp. (E) 


u) 
2) 
(E) 


5|/Thornycroft, 3 Ton (E 


..|Vulean, 16 Hp. (E) _ 


3 Arrol Johnston (E) 
Austin, 20 Hp. (E) 


r Autocar, XXLF (T) (A) " |2-454x4341 


{Autos ar, XXVI-Y (T) 
‘Borg & Beck, M (C) ( 
Borg & Beck, DX (C)( 
\Borg & Beck, GX (C)( 
|Borg & Be ck, RGX 


14) [Borg & Beck, JX (C) ( 
Brit 4 Ton (E) 


en 2 Ton (E) 


10! Halley, 315 Ton (E) 
~—_ K1 (C) (A) 


15| Hoosier, K5 (C) (A) 
15|Hoosier, K6 (C) (A) 
.{Lauth, (C) (A) 


11|Mack, AC (T) (A) 
8| Napier, 40-50 Hp. (E) 


16) Rover, 12 Hp. (E) 
17/Twin Disk, A (C) (A) 


| 
27| Browne, (€) (A) 


| 
..{Detlaff, H (C) (A, 
i 
“| 
20) Detlaff, L & J (C) (A) 
.|Essex, (P) (A) 


..|Fuller, GCL (C) (A) 
231G. M. C., (T) (A) 


4) Hilliard, XDA (C) (A) 


to 


Hilliard, S-6 (C) (A) 





|Hilliard, 8-8 (C) (A) 


.|Hoosier, K19 (C) (A) 
. Hoosier, K20 (C) (A) 








| 




















AUTOMOTIVE INDUSTRIES 
THE AUTOMOBILE 


Table of Specifications of Various Clutches 














Cone Type 















| 








} 





June 16, 192) 





















































|? | 3| a 2P ie (z re yi| | 
|} g |= fife |. if |§ |g 2. | = tee 4 
| & | | eal 2 sie |= | lel 21s |= | 3 |$3 Is - 
| a — Page ois | 2| | .s 3 aa | S 
| m = | She he = wel &] 3] | s|% S 2 |s<2i8 | : 
| = ie a ee ra ts eiele) . |) SLE s | © |e Ss} 5 a 
2 1c! |. (2 ($8 ela! 2 fElselizldi| | G/F | 4 |= lesalé | e| § 
2/2] | = 12 1/8 |s|3| = issleslelalel BI le |e | [88818] - KR E 
x “| ee. Ge a 3s - |S a Stee licet eh: ee le Tae 2 BeSl 2 | > = 
5} a= = = A | oe - | bs | ome ° =| &] a | | ¢ ar ;o™. a 2 
| 8/5] 8 [8 |& |2/ 8! Sis cSlslele| a] 21s | se | de (Fosiss| - 
Se aj/e«l!l 8 ig at et a |°s| 8 3/5 E | S| 2 | &. | == | Se (SS 212 | = < 
ss | zls| & le le [Sltl s lesits/@iGlcl gs] elas] es| cs lezelég! é€ r 
oe Bea = Se fe ie lee = |S2le2)e\/s6/S| 2) -|/—3] 28 agelll (r=) pan a 
| gS | 3 | » | (= [2 |S|e| § $2/3|5\5| 8| 3/3e| 22) Fe lSagleg! & 3 
| zm | 2/0 | & [Bessel 2) = eels |al|2zi\2| 2| & |e&e| fe] 2 |edgiea) & s 
SSS ae pee —| —-|—_ —-|——| — | = | | + | | + | | | | | wae 
4 | | | on 4 | } | | } = 
| ‘ = : | | } 
)| 4-34%x54) ..... |Dry \Fabrie 12% lus 2.28 11 88.00 1; 88.00 6.17| ah & 4 400 2,100) 23.90)....... | Univ. No jNone 
|...-.|Dry |Pabrie | 14%) 13% 2.2811 101.00 1101.00.6.98} 1) 1) 1 | 500 2,630| 26.00.20 002.| 00. *: Univ. No |None 
He x434 oo. Dry |Leather 151% 14 9|2.00/14  |117.70 1/117.70| 744) 1) 1) 1 130) 537 ee | i a | 24 No |Spring Bolts 
[4-424x574) scale |Dry |Leather 17% 161% 28 11 1130.60) 1 130.60) 8%} 1) 1) 1 220/ 1,160) 8.90, 220 ..| 40 |Univ. No |Spring Bolts 
4-47 ox518| |Dry |Fabric | 17% 15% 3°2 12 |183.00) —1/183.00) 8;%| 1 1| (3) | 285) 1,880) 7.50! 208 .-| 58 |Univ. No 'Spring Bolts 
|8-238x443 ete |Dry |Fabric 15% 1434) 236 12 }111.00) = 1) 111.00) 77} 1) 1) (4) | 160; 770) 6.90).......]...... | 35 |Univ. No ‘Spring Bolt 
14-4 x5le].....| Dry (Fabric | 173% 157%) 222/16 |130.60, —1/130.60/8.30) 1) 1) (4) | 160) 580) 4.50 ..| 60 No !Spring Bol - 
Leeeess.{ee.-.{Dry  |Leather) 1534) 145g) 2541214 125.00 1/125.00/ 743 1| 1) 1 | 225)1,040) 8.30 | No Spring Bolts 
| | | | | | | | | to | to to | 
| ed } | | 350| 1,620) 12.90)....... |....|Univ. | 
[4-2i%ex484)..... (Oil Leather) 974 9.%/1.77 14 | 55.50 1) 55.50/4.83) 1) 1) 1 | 280) 1,155] 21.00, 50 30 \Keys No gi Sorin 
4-314x514) ...../Oil |Leather | 11.82| 1114 4|1.58 14 | 57.20 1) 57.20 533 1) 1 1 245) 1,015) 17.70 92 ° Univ. No 
4-44ox5 |.....| Dry [Leather] 1976) 1834) 2% 129,155.00, 1/155.00/ 933! 1) 1) 1 | 600) 2,775) 17.90... \Univ. No |None 
6-243x434|..... Dry [Leather] 12,95]... “| 113\11' | 57.00) 1] 57.00.6.00 1} 1) (4) | 260/ 1,370] 24.00, 137 | 1.3 No |None 
4-314x548| . |Dry |Leather| 14%) 13;) 284/12 101.00, 1/101.006.80| 1! 1) (4) | 300 1450, 14.40 100 ar 50 |iniv. No |Spring Bolts 
) |4- 416x6 |..... \Dry |F abric 187%) 1754 3.00) 10 1172.20 1)172.20) 8% 1/ 1/ 2 | 300) 1,730) 10.00) 375 |...... 18 | Univ. No |None . 
[4-316x51% Dry [Fabric | 1484) 135<) 234/15 |121.50,1/121.50,7.03) 1,1) (3) | 2901 1,190, 9.30) 186 40 |Univ. No |Spring Bolts 
Si ingle Plate Type 
jl : ——- —T = = — = 
14-3! 6x434) .|Dry Fabric | 88% 4H 114 37.80 4)151.20|3.26} 2) 1] 3 900, 900) 23.80 100 60 (Splines 3 
14-334x5 | .|Dry {Fabric | 1174) 814] 134)... | 54.00, 2/108.00, 53%) 2) 1) 3 900; 900 16.70).. ‘ 2s Splines = [None 
90 \Dry |Molded| 1234) 91% | 1% | 56.80 2/113.60) 53; 2) 1) 8 | 800) 800) 14.10) 187.5) 2.08 | 50 |Keysand 
| | | | | | | | | | | |Gear Teeth! Yes {Screws on Lev. 
| | | | | | | | ors 
as tattle 4) 185 |Dry Molded 1234} 914] 1% 56.80 2 113.60 bie) 2} 1) 8 | 1,440 1,440 25.30) 338 | 1.83 | 50 ) |Keys and 
| | | | | | aaa - |Gear Teeth| Yes |Levers 
| | a ae , 7 | Ao 220 8 | 
A) | Dry |Fabrie | 734) 514} 1% 25.00, 4 100.00)314) 2) 1) 1 to to ae eee }....| Keys and | } 
| | t 325 | 110 100 | Splines | Yes | | 
| ee ee 225 | 50 | 120)! | 
A) | ../Dry |Fabrie | 95%) 634) 114 38.00 4|152.00) 435] 2) 1) 1 | to #0 to { . | Keys and 
| 325 70 170 } | |Splines lYes \| 
| | | | 295 35 150 || | \ 
A) |: Dry |Fabrie | 1134} 814} 123 | 52.00 4/208.00| 432; 2) 1) 1 to_ to to | —_ and i 
| | | | | 375 55 - | | Splines Yes | Rotation 
| chee a a | | 225) 25 50 }| 
(C)(A)}... | Dry Fabric | 11%] 714) 24 67.00 4/268.00] 434; 2) 1) 1 {{ to to to } — and et 
; | | 375 40 240 } | Splines ‘| Yes Ring 
| i. = . 295 20 210 ) 
A) ee \Dry |Fabric | 137<! 734) 3 101.00,  4/404.00) 534} 2) 1] 1 | to ae ee ee | Keys and | 
q | | | Road a pe , || 375 ; 30 | 310) Splines Il 
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4(4)—American, (C) Clutch, (#)—English, (P)—Passenger Car and (T)—Truck. 

5Figures are for 3-ton truck. 

‘Figures are for 5-ton truck. 

7Bronze indicates bronze plate without facing material. MW—-Molded asbestos composition and F—Woven asbestos fabric. 

SAreas given are computed from the diameter and width without any allowance for rivet holes or depressions for other holding devices 

*Figures given are the arithmetical mean radii. : 

Figures given include the flywheel or members attached rigidly thereto, taken as one member when the friction face bears upon the 
flywheel or the rigidly connected member. . 

41 Figures include only members which transmit torque directly from driving members; a driven member made up of two or more pieces 
is considered as one member, and driven members such as levers and throw-out sleeves which do not transmit torque directly from 
driving members are not included. ‘ 

2 Figures in parentheses are uncertain. 

8 When two figures are given, the clutch maker furnishes springs giving either pressure, or some intermediate pressure. 

“Figures are presumed to be the maximum pressures when the clutch is new and properly adjusted. When toggles are used to multiply 
the spring pressure, any slight alteration in the position of the toggles, due to wear or lack of adjustment, can make marked variation in 
total or unit pressure. 

In some cases these figures indicate the actual or computed maximum torque capacity. and in others “safe” or “recommended” capacity. 
In some cases the manufacturer makes clutches of different capacity than the model listed, or will vary the capacity to suit conditions by 
a variation in the number of discs, friction material or spring pressure. , 

The first figures are the capacity when arranged to run in oil and the others are the capacity when used dry. 

“This figure corresponds to the manufacturer’s recommendation. Other figures in this column are actual ratios employed presumably 
with the clutch new or in perfect adjustment. , 

8 Figures in this column are the actual pressures used or reported used by the respective manufacturers. 

® Univ.—Universal joint. In nearly all clutches the driven members, and in some types the driving members also, must be allowed a 
certain free axial motion upon release, and some member such as keys, splines, gear teeth or pins which transmit torque and at the same 
time allow axial motion are therefore provided and these members are listed in this column. The pin or block of the universal joint 
frequently performs this function, especially in the case of cone clutches. 

Data in this column refer to levers which rotate with and form a part of the clutch, and not to non-rotating throw-out levers external 
to the clutch. 

1 Data in this column refer to adjusting means within the clutch. External adjusting means are often provided but not referred to here. 


Some details of spring construction haye already been adjusted to give equal pressure to prevent unequal wear 
discussed, but a few items in this connection remain to and cocking or binding upon release, and with smooth 
be considered. The space allowed for springs and the de- action engagement, but reasonably satisfactory operation 
sirability of compactness in design make it necessary in is sometimes obtained in spite of failure to comply closely 
most cases to use rather short springs. These are often with these general rules. Some clutch makers prefer a 
too stiff; that is, for a small change in length, the pres- single centrally placed spring, claiming that it gives a 
sure change is considerable. The result is that wear on more uniform pressure; but this is dependent upon other 
the friction surface decreases the pressure enough to factors than the spring. This is indicated by the con- 
cause slippage. This econditicn can often be bettered by struction used in the Hilliard clutch shown in Fig. 24, 
a change of spring section and material without variation wherein a spherical bearing-surface is provided between 
in overall dimensions or, in other words, by an intelligent the pressure ring carrying the multiplying levers and the 
design of the spring. In many cases the springs are throw-out sleeve, with the intention of insuring equal 
mounted so that the decreased pressure occasioned by wear pressure at each fulcrum point on the pressure plate. 
can be compensated by a simple adjustment but, with the Multiple springs are often recessed within the flywheel or 
direct acting spring, this adjustment is not neces-_ placed in pockets of pressed metal in the annular snace 
‘ary if the springs are designed properly and if the ca- between the disk facing and the hub. This gives a neat 
pacity of the clutch is correct in relation to maximum _ external appearance, reduces windage, facilitates enclesure 
engine torque. When several springs are used it is de- and minimizes danger of injury when the clutch is turning. 
sirable to have them of uniform strength and flexibility, It is not my intention to discuss the theory of clutch 
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design at length, but rather to comment briefly on certain 
simple basic factors which must be well understood before 
an intelligent design can be laid down. The maximum 
torque capacity of any clutch is given by the equation 
T = PNerf 

where 

T = the maximum torque capacity in pound-feet 

P = the total pressure on the friction surface in pounds 

N =the number of engaging surfaces 

yr — the mean radius of the friction surface in feet 

f — the ccefficient of friction 

Concerning the pressure factor, it is possible theoreti- 
cally to build a clutch of any desired capacity by simply 
increasing the pressure on the friction surface, but there 
are practical limits beyond which it is impracticable te 
go. A 60-ib. pedal or throw-out pressure is about the 
maximum permissible, except perhaps in certain truck 
applications. For comfort in driving, 30 lb. is considered 
the permissible maximum pressure by some designers, 
while lighter pressures are desirable in cars intended for 
ladies’ use. It is general practice among American car 
and transmission manufacturers to use a pedal measuring 
about 11 in. on the long arm and from 11% to 2% in. on 
the short arm which actuates the clutch. This gives an 
average leverage of 5.5 to 1. With this ratio and a maxi- 
mum pedal pressure of 60 lb., the pressure on the short 
end would be 330 lb., but this pressure should preferably. 
not exceed 165 lb. A compound reduction by links and 
levers or cams external to the clutch can be employed, but 
this involves extra parts which are not required other- 
wise. If direct acting clutch springs are to be employed, 
a pressure of 165 lb. is not sufficient to prevent slippage 
with the average engine unless the number of friction sur- 
faces or the mean radius of the surface is increased un- 
duly. Two alternatives are employed, so far as the ciutch 
proper is concerned, (a) the use of levers to increase the 
pressure on the friction surface and (b) the use of wedg- 
ing action to increase the pressure on the friction surface. 
The advantage and disadvantage of each method has been 
pointed out in the discussion of the various types of con- 
struction. 

By reference to the illustrations and to Table 1 it will 
be seen that many clutch designs in which direct acting 
springs are employed involve the use of much greater total 
pressures than 165 or even 330 lb. To decrease the pres- 
sure required for disengagement, levers of various forms 
are incorporated within the clutch. This makes possible 
the use of a single plate or of fewer disks without involv- 
ing the chief disadvantage of levers which multiply spring 
pressure. From the foregoing it will be seen that there 
are several methods of varying the factor P in the capacity 
formula and thus varying directly the clutch capacity, but 
it should be borne in mind however that, other things 
being equal, the wear on the friction face is proportional 
to the unit pressure on the surface; hence it is an advan- 
tage to keep the unit pressure low. 

An inspection of the capacity formula shows immedi- 
ately that the capacity of a clutch is directly proportionai 
to the number of friction surfaces engaging. When fioat- 
ing disks are employed between driving and driven mem- 
bers, slip is divided between the two faces; hence, but one 
face is considered in determining the factor N in the 
formula of capacity. It is possible to double the capacity 
of a single plate clutch by simply adding a second plate 
and a friction ring. The advantage of the multiple disk 
type in this respect is obvious. In this type it is possible 
to adapt the same clutch to engines of different capacity 
readily by merely changing the number of plates. The 
number of plates used will determine, at least to some ex- 
tent, the ease of engagement or how gradually the full load 
is picked up upon engagement of the clutch. Increasing 
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the number of plates and decreasing the spring pressure 
increases the “softness” of engagement and facilitates 
starting without sudden shock or undue strain on the 
mechanism. 

For practical purposes the mean radius of the friction 
surface can be taken as equal to one-half the sum of the 
maximum and minimum radii. The torque transmitted 
obviously increases as the distance from the center to the 
point of application of pressure increases, and in direct 
proportion to this distance; hence, a large clutch diamete) 
is desirable so long as the inertia of the driven member is 
not too great. The maximum diameter is controlled, how. 
ever, largely by the size of the flywheel and by the cost of 
censtruction, which increases considerably with size. For 
a given outside diameter of friction surface, the rlean 
radius can be increased by using a narrow facing, espe. 
cially on plate and disk clutches. Although this decreases 
the area of surface, practical experience has shown that, 
within certain limits, a narrower facing wears longer 
than a wide facing. This apparently is because of the 
greater uniformity of wear over the entire surface, dua no 
doubt to the fact that the rubbing speed at the duter 
diameter of a wide annular surface is much greater than 
at the inner diameter. 


Coefficient of Friction 


Since by definition the coefficient of friction between 
two surfaces is the ratio obtained by dividing the force 
required to slide one surface over the other by the pres- 
sure on the surface, it is evident that, as applied to 
clutches, the coefficient is the ratio of the maximum torque 
each surface can carry to the total pressure on that sur- 
face. The coefficient varies greatly with the nature of the 
surface and its condition, especially with respect to lubri- 
cation. Between smooth metal surfaces wetted with oil, 
it is about 0.07. Woven asbestos fabric on smooth stee! 
gives an average coefficient of about 0.3, but this varies 
considerably with wear, the temperature and the nature 
of the impregnating material used in the manufacture of 
the fabric. If the impregnating material contains paraffin 
or other substances which, under the influence of heat, act 
to some extent as lubricants, the coefficient will decrease 
as the temperature rises, so that a clutch which performs 
well when cool sometimes starts suddenly to slip when it 
has become heated by the slipping that always occurs on 
engagement. Frequently, repeated engagements such as 
occur when driving in traffic or careless handling during 
periods when the clutch is intentionally allowed to slip, 
sometimes raise the temperature to 500 deg. fahr. or 
higher; hence, the facing material must be capable of 
withstanding this temperature and the factor of safety 
as regards capacity should be sufficient to permit operation 
even with the reduced coefficient at high temperature. The 
friction coefficient of woven linings is known to vary 
through a wide range. One engineer who has made tests 
with woven facings reports coefficients varying from 0.27 
to 0.38. It is considered good practice to use a clutch 
that has a normal torque capacity when new of 1.6 to 2 
times the maximum torque of the engine, although some 
engineers state that smoother action results when the 
torque capacity of the clutch is only slightly in excess of 
that of the engine. 

A clutch that will carry a given maximum torque 
indefinitely when once fully engaged will not always pick 
up this load without slipping for a relatively long perioG 
during which excessive heat is generated. One investl- 
gator states that experiment has shown, in the case © 
multiple-disk clutches at least, that a desirable softness 
of engagement is secured without undue heating by 4 
clutch that will slip from 50 to 60 revolutions when sud- 
denly assuming full load, and that this slip is obtained 
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when the maximum load carried averages 70 per cent of 
the total load that the clutch will carry without slip when 
fully engaged. Within the last two or three years, facings 
of molded asbestos composition have come to be ‘ised 
widely. They are said to have a friction coefficient of 0.5 
and to be more durable than other facing materials. They 
are of uniform texture, can be made in quantity to close 
;lerances and do not require a joint secured with wire 
staples such as is generally employed with the woven 
fabric. It should be noted that the coefficient of friction 
is independent of the area of contact surface. For this 
reason a narrow facing under a given pressure will carry 
the same torque as a wide facing having the same mean 
radius, but the unit pressure will of course be greater on 
the narrower facing. This will tend to cause greater wear, 
put the wider surface, as pointed out, does not always 
wear longer because of the greater difference in speed at 
inner and outer diameters. The ideal condition in this 
respect is approached most closely by the use of a num- 
yer of relatively narrow surfaces, thus giving a large total 
area, a consequent long life and a more gradual picking 
yp of the load, without causing wide differences in speed 
between the various parts of the contact surface. 


In Conclusion 


From the foregoing analysis of factors entering into the 
capacity formula, it will be seen that torque capacity can 
be made to vary by changes in each of the four factors 
involved. In other words, the same torque can be obtained 


by a great number of combinations. The best combination 
is that which gives the longest life, requires the least 
attention, is the smoothest in engagement, has the lowest 
inertia and is the least expensive to manufacture. For 
passenger car use at least, the multiple disk type seems 
to fill best the greatest number of these conditions, but it 
is evident from the number of other types used that 
engineers are far from being agreed on this point. In 
this connection it is worthy of note that there is wide 
variation in multiple disk clutch design. When the price 
must be kept as low as possible, the number of plates 1s 
usually reduced to the minimum and the pressure on the 
discs is increased; but when the cost is secondary to the 
smoothest action on engagement, the number of plates is 
increased and the pressure reduced, at the same time pro- 
longing the life of the facings by adding to the total wear- 
ing surface. 

The data given in the table have been gathered from a 
variety of sources and no claim is made for their absolute 
accuracy. Many of the dimension figures were obtained 
by scaling blueprints and, consequently, they may vary 
slightly from the actual dimensions used. It will be seen, 
however, that practice varies so widely in many particu- 
lars that the comparisons afforded by the figures given are 
close enough for practical purposes. It is the hope and 
belief of the author that the data and drawings collected 
here will prove useful to engineers who are called upon to 
design clutches or to make a selection for a given purpose 
from among the various types of clutch available. 


Some Production Problems Which Influence Design 


(Continued from page 1260) 


3. When pieces are to be chucked for turning, boring 
or threading operations it is an advantage to do as many 
operations as the machine will admit of doing without 
rechucking. 

4. Close tolerances tend to increase production diffi- 
culties and slow down production. 

5. Stampings and screw machine parts are in general 
the least expensive parts to make, providing the quantity 
is large enough to offset the cost of dies and machine 
set-up. 

6. Die castings are in general cheaper than sand cast- 
ings when the quantity is large enough to cover cost of 
dies and machine work is to be minimized. 

7. In some instances it is cheaper to use, at a higher 
price per pound, a soft or more easily machined metal 
in place of a harder and slower machining metal—for 
example, aluminum in place of cast iron—for certain 
applications, because of greater ease and speed in ma- 
chining. 

8. Other things being equal, it is desirable to design 
apiece in such a way that the machine work can be 
completed with one setting in one machine. 

9. It is sometimes cheaper in quantity production to 
purchase or build a special machine tool to do a given 
job than to attempt to adapt the design to existing tool 
equipment. 

10. It is in general desirable to consider in design the 
adaptability of the piece to good and economical types 
of jigs and fixtures. Much expense can often be saved 

Y providing suitable bosses or other locating points, 
or by changes in form which facilitate clamping in jigs, 
‘entering in chucks, etc. ; 

ll. Similar parts used for similar purposes can often 
¢ made identical by the exercise of reasonable inge- 
luity, with consequent saving in tool equipment, parts 
stock, material supplies, etc. Spring brackets used on 
the right and left side of the car, or for front and rear 


springs can often be made interchangeable instead of 
right and left. 

12. Use of standard forms of fittings, such as clevices, 
bolts, etc., is nearly always economical, not only in first 
cost, but in securing ready interchangeability, use of 
standard tools, decrease in stock parts, etc. 

13. In design the stresses imposed during manufacture 
of the piece must be considered, since distortion during 
machining or heat treatment may cause poor fit or rejec- 
tion in assembly. 
can be prevented by clamping or application of pressure 
during quenching or cooling operations. 

When a new company is starting on the design of a 
car to be produced in quantity or is organizing for pro- 
auction in a large way of some important unit, the design 
may well be quite different from that which would be 
laid down for a company already in business with equip- 
ment that must be utilized for the purpose. In the for- 
mer case equipment especially adapted for the most mod- 
ern and rapid production methods can be purchased 
from stock makes or specially designed and built for 
the purpose, while in the latter case certain limitations 
are inevitable which may or may not prove a real handi- 
cap. The intensive and rapid development of machine 
tools in the past few years has, however, worked a revo- 
lution in production methods, so that the manufacturer 
whose equipment has not been kept up to date may well 
consider the relative advantage of continuing production 
with old equipment and retooling to enable him to realize 
the advantages of the most modern equipment. When 
the quantity warrants, even well-equipped manufacturers 
are in many cases designing and building or having built 
for them tools devised especially for rapid and accurate 
production of given parts. Such tools minimize labor 
and handling costs and insure more accurate work than 
might otherwise be secured only by more elaborate 
arrangements. 
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Fits, Tolerances and Heat Treatments 
Applied in Production 


A valuable collection of data covering actual practice employed by many 
manufacturers in the production of all parts used in a heavy truck. The 
same fits, tolerances and heat treatments are applicable in the production 


of parts for passenger cars, light trucks and other automotive vehicles. 


By C. T. Bates 


ployed in many plants in the production of parts and an engine developing 48 hp. at 1000 r.p.m. 
for the Class B Military Truck developed for the The machining limits in many cases are close, but it 
United States Army by a committee of prominent Ameri- has been found in practice that the results obtained jy 
can engineers. It will be recalled that the design in- the assembly and performance on the road more than 
corporates many of the best points used in the design of make up for the slight extra cost involved in working 
American heavy duty trucks. The data can, to a great’ to close limits. The material and heat treatments herein 
extent, be applied to general automobile as well truck specified are such as to give the best results it has been 
construction and should serve to give the industry prac- found possible to obtain. 
tical information in relation to the various fits, clear- Engineers frequently desire to know what is practical 
ances machining tolerances and heat treatments neces- in the way of material, heat treatment, machine limits 
sary to produce a machine thoroughly practical in every and the various running or press fits for certain parts. 
particular. Such information could heretofore often be obtained 
These data are the result of years of experience of only by prolonged tests and experiments which frequent- 
many engineers and production men in this country and ly entailed serious delays and an expenditure of much 
have been thoroughly proven by the production of thou-§ money. The various books on the theory and design of 
sands of trucks. They apply particularly to a truck of automobiles, motor trucks and parts have given for the 
most part information of a general nature and have 
omitted much specific information which is essential to 
» practical production in the shop. This article gives 
much data intended to fill this gap. 


Ts data given in this article cover the practice em- five tons capacity having a chassis weighing 8500 |b, 



































General Description of Truck Units 


The following is a brief description of the various 
motor truck units to which these data relate. 
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STEERING GEAR DATA 





————EV70wO0”~” ” —e 
ge -WORM ' 
a 515-2.510; P. D., 2.125 Root diameter, 1.651 
Left hand Whole depth of tooth (4329 theoretical) 


(.429-.432 actual) 
Addendum (.1961 
actual) 


Double thread, 29 leg. 


Ratio 1034 to 1 theoretical) (.192-.195 


ead 16 : 
pas 13 deg., 41 min. 3 Pitch, 8125 
! n. 3 

Width of tool nose, 272 : | | 
Carbonize worm yy of an inch deep to show 70-80 sclereseope, heat treat shank to show 30 
minimum sclerescope sand blast after hardening. 





43 -WORM WHEEL 
Left hand 
Ratio 104 to 1 
Number of teeth, 21 arr 
Throat diameter, actual, 5.808-5.798 
Root diameter, 4.957 
Curvature radius, .866 
Face angle, 68dez. : 
Circular pitch, 8125; pitch diameter, 5.431 
Cutting angle, 13 deg. 41 min. 35 sec. 
Whole depth of tooth, .433 theoretical; actual, .421-.426 
Carbonize wheel #y deep to show 75-90 sclerescope on top of teeth. 
~ 30 minimum sclerescope, sand blast after hardening. — 
Sides of teeth to be file hard. Wormshaft taper end 1 inch taper per foot, Chamfered corners 
of same 134 inch taper per foot. 
Worm included anzle 68 deg. (gear tooth) 
Radius of tooth on P. D., 1.062; radius top of tooth, 1.023; radius centers, .177 apart. 
line of worm wheel to center-line of worm 3.778. (Gears). 


Heat treat shank to show 


Center 
3.777 


Center line of cases, 3.779-3 








SPRING DATA 


FRONT SPRING REAR SPRING 
length, 44 in. 
Width, 3 in. 
Thickness ot plates, Ist and 2nd 
\umber of plates, 12 
Deflection, 53 in to 5 in. at 2600 Ibs. 
Vaterial, alloy spring steel 
Brinell, 364 to 444 
Elastic limit min.. 160,000 Ibs. 
Tensi! in trans. test, 160,000 Ibs. 
‘old bend before fracture, 90 deg. 
L. to C. L. length full load allowance may 
P.or M. \%, i each side of center holt 
allelism of eyes, double SAE required 


Length, 58 in. 
Width, 4 in. 
s in, bal. ;; in./Thickness of plates, 34 in. 
| Number of plates, 20 
| Deflection, 8% in. to 9 in. at 5990 Ibs. 
| Material, alloy spring stee! 
Brinell, 364 to 444 
Elastic limit min., 160,000 lbs. 
Tensil in trans. test, 160,000 lbs. 
|Cold bend before fracture, 90 deg. 
be/C. L. to C. L. length full load allowance may b« 
P. or M. 14, +g each side of center bolt 
Parallelism of eyes, double SAE required 
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ENGINE DATA 


Valve Timing Inlet Fxhaust 





Open Past top 15 deg. Before bottom 45 deg. 
Closes Past bottom 35 deg. Past top 5 deg. 
Lift 44 in. }; in. 
Valve diameter O. D. 2% in. 2% in. 
Seat angle 45 deg. 45 deg 
Exhaust or inlet throat diameter 24 in. 2 in. 
Exhaust or inlet valve clear diameter 2% in. 2% in. 
Base circle clearance 005 .005 
Tappet roller diameter 9385-.9355 9385-.9355 
Hoid “‘exhaust closes’”’ and “iniet opens’’ to P. or M. % in. on Aywheel. 


phur .05, case harden. 


Hold “exhaust opens” and “intake closes’ to P. or M. 34 in. on flywheel. 
Scleroscope hardness, minimum minutes, 65-70 desired on cams. and bearings. 
Material SAE 1020 carbon .15-25; manganese .010-.060; phosphorus .045; sul- 


Cylinders parallel within .003. 

Cylinders bore not over .001 excentrie or .002 taper. 

Cylinders hydrostatie test 60 lbs. cold finished with etuds in place. 

Cylinders wall thickness }: in. ; 

Cylinders water jacket 3 in. 

Crankshaft and crank pin bearings tolerance for lenzth between shou!ders 


+ 002 — .000 in. 


ENGINE COMPLETE 




























Crank pin center to shoulder out of center +.005 in. 
Crankshaft allowance for grinding 4 in. on diameter. 
Crankshaft forging allowance for finish }4 in. all around on finished surfaces. 


TIMING GEAR DATA 


Nor. 


Tl 
O. D R. or L. H Teeth} P. D. Cir. P.| Nor. | Dia. | Ld. of | Dpth.) Angle Tooth 
Cir.P} P. Helix | Tooth with Axis 

3.972)\Crankshaft 

3.970)L. H. 30 | 3.750) .3927| .3491) 9 | 22.8742) .2397 27 deg. 15 min. 
} | | 

6.972\Idler gear } 

6.970 R. H. 54 | 6.75 3927; .3491| 9 | 41.1735) .2397.27 deg. 15 min. 

| } 

3.972) Pump and mag. gear | 

3.970 L. H. 30 | 3.750; .3927| .3491) 9 22.8742) .2397\27 deg. 15 min. 
| | | 

7.722|Camshaft gear | 

7.720)L. H. 60 | 7.50 3927) .3491| 9 | 45.7484] .2397 27 deg. 15 min. 

2.972'Generator gear } 

2.970 R. H. 22 | 2.7% 3927; .3491) 9 16.7744} .2397\27 deg. 15 min. 
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s . 1056 4-SPACERS 
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negherecaaay 1290 12-Scrnws 
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TRANSMISSION GEAR DATA 


Out of 
True 
Maximum Pitch Radius Limit No. 
. y 7 ‘or lor rinnell of ite 
Not Over Not Under on- /Sclero.) Brinnell | P. D. | of Pitch 
cen- tt 
t "ty 
5517| Main drive gear 
1.899 1.892 006 72-7813-3.3 MM| 3.800) 19 5-7 
5565) First speed sliding 
4.399 4.390 006 | 72-78'3-3.3 MM); 8.800) 44 | 5-7 
5564|Second speed sliding 
3.599 3.591 006 | 72-78/3-3.3 MM| 7.200 By 
5562) Third and fourth sliding 
2.699 2 6§92 005 | 80-90'3-3.3 MM) 5.400) 27 | 5-7 
5531|Countershaft drive gear 
4.099 4.092 005 | S0-90)3-3.3 MM} 8.200) 41 | 5-7 
5533|Second speed countershaft gear 
2.399 2.392 005 | 80-90 3-3.3 MM! 4.800) 24 | 5-7 
5532|Countershaft third speed gear 
3.299 3.291 005 | 80-90/3-3.3 MM) 6.600) 33 | 5-7 
5591| Reverse idler gear (large) 
2.399 2 392 005 | 80-90'3-3.3 MM} 4.800! 24 | 5-7 
$591)| Reverse idler gear (small! 
1.599 1.592 005 | 80-90'3-3.3 MM) 3.200) 16 | 5-7 


Transmission gear holes allowance for grinding, .010 in. 
Transmission gear shaft allowance for crinding, .020-.025 in. 
Transmission gear forgings allowance for finish }; in. all aroind. 
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Tooth U. 
Dia. 
4 O50 
0 In 1 05 
u Oso) 
20 deg. Inv.) 9.035 
7.480 
0 r Inv.| 7.485 
5.680 
2 Inv.) 5.685 
Ss. 480 
) deg. Inv.| 8§ 435 
5.080 
0 dez. Inv.| 5.935 
6.8S0 
20) . Inv 6.885 
5.030 
20 deg. Inv.| 5.035 
3.480 
20 deg. Inv.} 3.485 


Engine—The engine is of the four-cylinder heavy duty 


L-head type. 
removable heads. 


The cylinders are cast in pairs and have 
The crankshaft is of the conventional 


three bearing type with integral flange at the rear to 
which the flywheel is bolted. The camshaft has integral 
cams, runs in three bronze bearings and is driven by a 
train of helical gears in the front of the crankcase. 


The connecting rods are of the four-bolt type. 
ton pin is held fast in the piston by a screw 


The pis- 
threaded 


into the piston pin boss and extending through the pin 


into the top side of the boss. 


The oiling system is of the 


full force feed type, the oil being circulated by a gear 


Gear 



























5562 

5561 Bearing 
5523 Sling 

5522 No. 311-Brg. 
5520 pacer 

5521 No. 309-Brg. 
5515 Adapter 
5512 Retainer 





Gasket 
Cotter. 













Gear. 
5758 Nut 
5754 Cotter 
5513 Gland 
5514 '2-Packing 


4-Washers. 
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5540 pT IO MD 
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Gear 
6-Screws 
6-Washers 
5595 Pipe 
: 5599 Gasket 
' §533 Gear 
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WORM GEAR DATA 








REAR AXLE 
6224—WORM SHAFT 
Threads, 4 R. H. 
Linear pitch, 1.1562 
itch diameter, 3.265 
1, 4.625 


Material, 3120 S\I 

, , 

Carbonize ‘cop heat treat to 135 4 
‘009 ald 


quench dra 700 (whole shaft) 
Treatment fr end to forward bearing 










shoulder, re in lead at } ; 
quench, dr 50 geo ot E00 and 
erate “ear end to forward begs 
Normal pitch, 1.0535 Sale ath : 
Pr I Scler ward bearing shoulder 





essure anzle 30 deg. 
Normal pressu tle 27 deg. 44 min. 
Outside diar nd) 3.935-3.934 





Ww. 













\y 60 ae 
Ti ite lameter lin 
378 
4 lia r, 2.4894 
§222—WORM WHEEL 
No. th. 38 richt hand Material—ma from best grade gear 
Piteh, 1 > 2 oe bronze. Ter strenzth 35,000 to 40,099 
Pit ter, 13.985 at lea r 89; tin 11, Brinell 79 


liameter, 14.625 tings. 





Make normal! tooth thickn 
5355 to allow for back-lash 

Make radius on points of hob teeth 
it root of teeth .168 


s at pitch line 


084 and 


6208S—GEAR AND CASE CENTERS 
Carrier centers 8.627-8.623 
Worm and worm wheel centers, 8.625 





on 


pump, located in the bottom of the crankcase, to the 
crankshaft bearings through tubes cast in the case, It 
is then forced through the crankshaft to the connecting 
rod bearings and thence through tubes attached to the 
connecting rods to the piston pins. The normal pres- 
sure at 1000 r.p.m. is 15 lb. per sq. in. 

Gearset—The transmission is located amidship and is 
of four-speed selective construction driving direct on 
tourth speed. It is supported at three points with trun- 
rion at the front end. Its construction is conventional 
throughout. 


(Continued on page 1326) 


5511 Case 
5593 Cover 
5599 Gasket 
5751 6-Screws 
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5565 Gear 
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—" 5761 8-Rivets 
5502 Assembly 
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5360 Sling 
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5554 Washer 
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5513 Gland 
5514 2-Packings 
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r open One pass coldrolled|High finish or ¢ 






REAR AXLE COMPLETE 6302 
*-WOOD WHEELS ONLY 
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Faun AXLE COMPLETE Goto 
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AXLE-CENTER 
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6043 
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Sheet Steel Specifications 


equirements 



























xtra deep drawing Body ls Open heartk 
els | hearth black steel| andboxannealed| properties not necessary. Should sheets 
sheets be free from detachat scale, 
| cracks, rust, etc. 
te | , : ; ; ? ia Gasoline ta Open | I 
t hoods, mudjOpen hearth steel|/Full pickled, fulll Smooth, dense and highly polished “sheets 
ards sheets cold rolled and} surface suitable for two coat dip 
re-annealed enameling on one side, not dead 
soft b ufficiently so 
gauge or lighter wil! be 
self without signs of 
fects such eracks, roll 
waves, dents. buckles, pits, ters, 
scratches, rust, etc., not permitted S and|Open hearth 
$teauirin"|Open hearth steell Extra deep drawinz|Should be { 1able $ : amp-| strips 
‘tepdrawin| sheets | | | acks, _ ing a ; 
toperties but | Small parts reauir-|Open hearth 
‘ihigh finish ing deep drawing] strips 
| but not a high| 
Py panels Open hearth steel{Deep drawing full|Should have a smooth surface finish 
van) sheets pickled, full cold} lutely free from any injurious Small ordinary|jOpen hearth 
rolled andre-| perfections, extremely high lustre drawn and em-| strips 
annealer not required. Drawing properties bossed stampings| 
| should be sufficient to meet the requiring good} 
requirements as shown | finish 
drawin Defects such 3 A Brake bands, shims,|F ull cold 
| | waves, dents, buckles, pits, bl ete. 
} 


scratches, rust, etc., not permitted strins 









open hearth steel 
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12-Screws 
12-Washers 
4-Brackets 
_ 4-Bushings 
pe Shafts 
4-Cups 
4-Bushings 
4-Pins 
4-Nuts 
4-Cotters 
2-Reinforcements 
8-Rivets 
4-Studs 


a752 
— | 6344 





Carrier 
Case 


Ring 
12-Rivets 
+Pins 
Case 
20-Screws 
20-W ashers 
Gasket 
2-Washers 
4-Pins 
2-Gears 
1-Levers 
4-Cups 
4-Bolts 


2-Rings 
2-Locks 
4-Screws 
4-Washers 
2-Cups-Timken 
2-Cups-Bock 
2-Cones-Timken 
2-Cones-Bock 
Housing 
Housing and 
Sleeve Assembly 


202 
(6201 


12-WASHERS 
CaP 


2-OILERS 
2-CAPS 
2-BUSHINGS 
-KEYS 


-N 

-WASHERS 
-BUSHINGS 

2-PINS i 

2NUTS $ | 

2-WASHERS 1 

2-COTTERS 








Commercially 
Known 





Requirements 





eel|F ull pickled, full| Extra drawing properties not required: 
cold rolled and| should have smooth surface free 
re-annealed from cracks, waves, dents, buckles, 
pits, blisters, scratches, rust, ete. 
steel/12 lb. long terne|Sheets with moderate number of small 
sh blisters, pits or turned corners will 
| berated as seconds and should not 
exceed 25% of the number of 
prime sheets. Sheets should be 
uniformly coated with 75% lead 
and 25% tin. Analysis of coating 
| On 20 sy. in. area should show not 
less than 0.35 oz. per sq. ft. 


steel|Hot rolled strips,|Strips should be free from detachable 
pickled and oiled| scale, cracks, blisters, rust, ete. 





eets 


steel| Deep drawing hot|Strips should be free from cracks, 
| rolled steel. pick-| blisters, rust, ete. 
| ledandoiled | 
steel|Cold rolled strip|Strips should have smooth surface 
| stee ree from cracks, blisters, rust, ete. 


rolled|Hard cold rolled|Strins should have clean, smooth 
strip steel | surface free from scale, cracks, 
blisters. rust. etc. 
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CLUTCH COMPLETE 5001 








1 Cam shaft 
“Cam shaft b 


} Piston—top 
Cylinder 


1 Piston—seco 
Cylinder 


} Piston—thir 
Cylinder 


Deum— f— } Piston pin 
ees GB npg _ b Piston pin b 


th , . sia id } Piston ring g 
“hon nnennesnon- A ALM ft ; Piston ring— 
5 BE Fer tl - 


“a 


Prate——— 








SHAFT t . 
Nur suns wad ‘ A } Piston ring d 
COTTER B ‘> SESEELELEL Bee } . Piston ring g 


nce a 
ps pogph ee IE (SRR eReeeee se 


9-Dariving Disc 





} Connecting r 
Piston—betv 
9-Disc Ht i Dt i Nb 62 Sting : Valve tappet 
fe Pedeop eb abade ~ : Valve tappet 












Drum : —_ nes Fh! ate al oes ua i] 


S-Screws 
S-WaASHERS s 


1 Valve tappet 
Valve tappet 





} Valve tappet 
Valve tappet- 


1 Plat end tap 
Slot in valve 


? Valve stem 
Valve guide t 


} Motor front s 


Engine front 


! Water pump | 
Pump shaft b 


Fits Employed for Various Parts =" 


Oil pump dris 


Fit numbers at the left, such as 1, 2, 3. and 4, indicate the class of fit Oil pump driv 
as follows: No. 1—Press fit: No. 2—Running fit; No. 3—Clearance fit: Oil shia 
No. 4—Shrink fit. ‘at yem) bod 

UNIVERSALS | Crankshaft 
Part | Fit : i ao aes ee ee Crankshaft ge 
No. | No PART MATERIAL ibe cathe 
5861, 1 Universal yoke bushing | 1.253 1.252 (grind) 1020 SAE Guide bore in 
5865 Universal joint yoke—bore 1.2505 1.2495 (ream) | 1040 SAE Camshaft bus! 
5871) 2 Universal joint cross pin 874 .873 (grind) 1020 SAE Cam bushing | 
5861 Universal yoke bushinz bore 876 .875 (grind) 1020 SAE Pump drive st 
5860 2 | Distance between faces of cross 3.372 3.371 (grind 1020 SAE fan drive pull 
5865 Distance between faces of yoke 3.376 3.374 1040 SAE Water pump s 
5834; 2 |Propeller shaft splines—top of Vater Pump } 
5865 keys 1.748 1.747 (grind) 1040 SAE Piston nj 
Yoke keyways—bottom 1.750 1.749 (broached) | 1040 SAE ? ~ sia hol 
58653. | Yoke keyways—top 1.422 1.417 (broached) |1040 SAE ile Tina’ 
5854 Prop. shaft splines keyway No bottom milled radius) _ “ ne 
5854 2 | Prop. shaft splines—width 271 .268 (grind 1040 SAE ba feats . 
5865 Yoke keyways—width 275 273 (broached Fin lock screw 


Piston tip hole 


3 |Umversal yoke stub shaft 2.267 2.264 (turr 1040 SAE . : ; 
} i snatt ~. 40/ a.e 1 : ! Pisto is 
Universal dust cover 2.273 2 268 Stee! stamping n pin bu 


— Connecting roc 


eer ne weer ‘ Pump drive sh 
FRONT AXLE aiid p drive sh 
Part | Fit Pump dri 
art | Fit ms saree 3 p drive sh 
No. | Nc PART MATERIAL Pump coupling 
6003) 1 Steering kmickle pin bushing 1.8765 1.8755 (grind 1020 SAE Py 
6002 Front axle pin bushing bore 1.8750 1.8735 (ream 1035 SAE deni 
6036, 1 |Cross rod yoke pin bush. upper | 1.126 1.125 (grind 1020 SA BE Oil 
6034 Cross rod yoke bore upper 1.135 1.124 (ream } 1025 SAE (j pump shaft 
pump gear- 
6038) 3 (Cross rod end pin—in arm 884 883 (grind 1020 SAE Oil 
6030 Steering arm 856 Sod (ream 3130 SAE Oi yan sheft 
Oil pump gear- 
6017} 2 |Steering knuckle pin 1.497 1.496 (grind) 10205 \E C 
6003 Steering knuckle pin bushing bore | 1.500 1.499 (grind 1020 SAE tra = bu 
6038) 2 Cross rod yoke pin 884 .883 (grind 1020 SAE ( ; 
6036 Cross rod yoke pin bushing 886 885 (grind 1020 SAE meeting <e 
6510! 3 | Front hub—diameter 6.250 6.244 Malleable iron iW; 
6505 Front hub flange—bore 6.255 6.252 Malleatle iron Mey Pam be 


Water pump co 
Camber of front wheels 2° toe in ;%s inch es 
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Fits Employed for Various Parts—Continued. 


left such as 1, 2, 3 and 4 indicate the class of fit as follows: No. 1—Press fit; No. 2—Running fit: No. 3—Clearance fit: No, 4—Shrink fit. 





bers at the 




































Sf482 Isom, ENGINE ENGINE 
Oi Was, : z : 
501i Hows — : See 
5019 Ou s - | a Fart | Fit 
|i? 2g ht PART MATERIAL No. | No PART MATERIAL 
ony ) i “a — — _— ————-___ —_—_—__—_ — - -—_—_— _ - —— ——_ — — _ -——— ————————______ 
eT . . 1093 2 Crankshaft 2.500 2.499 (grind) 1045-OH 
_finse 6S +\Cum shaft 2.124 2.123 (grind) 1020 _ 1034 Crankshaft center bearing 2.502 2.501 (ream in place)| Babbitt lined bron:« 
5735 6m, ee eae rt bushine 2.124 2.125 (ream) 26 SAE 
{0 amy Cam shaft b ’ : 1093| 2 Crankshaft center bearing—lgth. | 4.067 4.057 (grind 
5097 bed » Pston—top land 4.732 4.728 (grind) Cast iron 1034 Crankshaft center bearing—bush. | 4.002 4.000 Babbitt lined bronze 
502 2S * Cylinder 4.7515 4.7495 (grind) Cast iron ; 
212 2 ssa : 1093, 2 Crankshaft rear bearing—length | 4.003 4.000 
ra Yous + Pston—second land 4.740 4.736 (grind) Cast iron 1034 Crankshaft rear bearing—bushing) 4.002 4.000 (.006 giv. in 
— 5028 mae " Cylinder 4.7515 4.7495 (grind Cast iron prac.) Babbitt lined bronz 
5040 Ny . awe seta a . 
—5035 5.Roney + Pston—third land and body 4.746 4.745 (grind) Cast iron 1093; 2 |Crank pin diameter 2.375 2.374 (grind) 1045-OH 
nae a * Cylinder 4.7515 4.7495 (grind) Cast iron 1033 Crank pin bearing diameter 2.377 2.376 (ream) Bahbitt lined bronze 
5753 a Os a _ E i ; 
75015 un } Piston pin 1.375 1.3745 (grind). 1020 SAE 1093; 2 |Crank pin—length 3.000 2.998 (grind) 
Piston pin bus) 3752 «1.3748 (ream in ass.) |26 SAK 1033 Crank pin bearing—length 2.998 2.997 
} Peston ring groove—width 251 .250_ (turn) Cast iron 1019, 3 (Crank care bel housinz 21.127 21.123 Aluminum 
" Biston ring—width 2487 2497 (grind) Cast iron 5011 Clutch case snap ring 21.125 21.12 Aluminum 
, ing diameter compressed | 4.750 (grind) Cast iron “a ee . a er 
‘oe ins oo 006.008 (in place) 
s\Coonecting rod—width upper end/24% P or M .010 1035 SAE P ss a 
te between bosses 23g Por M .010 Cast iron TIMING GEAR TRAIN 
b Naive tappet 1.1245 1.124 (grind) 1114 SAE casita 
have a guide 1.126 1.125 (ream) Cast iron Part , oe Gear Centers Material 
y, lias r Dil .500 .4995 (grind) Dr. rod or 1020 SAE a a a ea ee Gem geee reste Bp hy Br er gale TT 
1Nalve tappet soca ot 502 501. (erind) 1020 SAE 1126 to 1129 5.250 5.250 | 1126 is 1035—1129 is semi-steel 
Nalve tappet roller ho! 2 ical 1129to 1127 | = 5.250 5.250 1127 is 1035 SAE 
‘ Qn ‘ : 290 SAE 1129 to 1130 7.125 7.125 | 1130 is cast iron SAE 
1Vs ‘ t—roller width 495 493 (grind) 1020 SAE a po eee os | oc =. tan Gh 
om - ae eal er 500497 1114 SAE 1130to 1128 =| 5.125 5.125 1128 is 1035 SAE 
1 Pat end tappet roller pin 246 245 Dr. rod or 1020 SAE acai aie 7 
Slot in valve tappet guide 251 250 
i Valve stem 434 433 grind) 3140 SAE CLUTCH 
SM Valve guide bore 4375 437 Cast iron ——s ee ss mee 
. re Part | Fit 
} Motor front support trunnion 5.000 4.999 Cast iron No. | No. PART MATERIAL 
Engine front support . 5.002 5.001 DFS a, = — — ose Ne ee —— 
; _ ata 5015} 2 |Clutch shaft 1.497 1.495 (grind) SAE6120, 3120, 3320, 2: 
Water ora ‘oo 150 a _ 5033 Brake flange 1.501 1.499 (ream) 1025 SAE 
Pump shaft bushing (OK (02 <0 5A 
, : ets 5012) 3 |Clutch housing end plate 9.249 9.247 |Aluminum SAE-21 
- Oil pump drive shaft .500 498 CRS 5011 Clutch housing 9.252 9.250 Aluminum SAE-31 
rts Oil pump shaft bushing—lower 503 502 (ream) 26 SAE 
: , Salad 5025) 3 |Clutch driving drum 11.500 11.496 |Cylinder iron 
Oil pump drive shaft 500 .498 CRS 1094 Flywheel drum recess 11.503 11.500 |Cast iron SAE 
s of fit Oil pump drive shaft bracket .502 .501 (ream) 26 SAE 
ee fit e : aia 5022; 2 |Clutch driving dise 8.77% 8.768 (pitch dia.)|\CRS 
- Oil pump shaft—proper po = xo 5025 Clutch driving drum 8.805 8.800 (pitch dia.)| Cylinder iron 
Oil pump body 5015 .9005 (ream ast iron | 
. 5019) 2 |Cluteh driven drum 6.205 6.200 (O.D.) | Malleable iron 
eee Crankshaft ; po ees — 5022 Clutch driving dise 6.265 6.255 (inside dia.) |CRS 
acenaead Crankshaft gear 996 998 (ream) 39 } 
I : aie coat 50? 2 |Clutch driving dise—O.D. 8.9687 (P. or M. .010) : 
SK : Valve guide 8765 876 ; en ron \E 5025 Clutch driving drum—root of teeth} 9.0364 9.0314 |Cylinder iron 
Guide bore in cylinder 8745 .8755 (ream) ‘ast iron (SAE) 
. oe 5 SAE 5019) 2 Clutch driven drum 5.999 5.994 = dia.) — iron 
Camshaft bushing 2.502 2.5 urn) oo SAL 5021 Clutch driven dise 6.023 6.018 (pitch dia.) |CRS 
Cam Sohing bore—. rank case 2.5005 2.4985 Aluminum SAE-31 . ee ” | 
















; 7 5042} 3 |Clutch trunnion screw | .623 .621 (grind or 
Pump drive shaft 1.1255 1.1245 (grind) 1045 OH | polish) CRS 
Pan drive pulley 1.1245 1.1255 (ream) |Cast iron 5038 Clutch release brg. retainer hole | . 626 .624 (ream) |Malleable iron 
Water pump shaft 751 750 1020 5? 3 Clutch dise ri >t hole 1560 (P. or M. .010) 
Water Pump Rotor 751 .750 (ream) 26 SAE 5024 Clut h dise rivot 1560 (P. or M. .010) |Copper 
- Piston pin 1.375 1.3745 (grind) 1020 SAE 
Piston pin hole 1.3745 1.375 (ream) |Cast iron 
Pston pin lock screw 290 .280 3130 SAE SPRINGS 
Piston pin hole .281 .2805 (ream) ——— - — ee ee 
: Part 
Pin lock screw tip 2805 2795 No. | No. PART MATERIAL 
Pston tip hole 2815  .2805 (ream) |) eR ateeaiae 
. : : | 7038) 1 |Front spring rear bracket bushing} 1.129 1.127 (ream in 
* Pston pin bushing 1.628 1.627 (turn) 26 SAE — place) 26 SAE 
—_— Connecting rod 1.625 1.624 (ream) 1035 SAE 7034 Front spring rear bracket 1.125 1.124 (ream) |Stee] casting 
} | | 
Pump drive shaft 1.2505 1.2495 (grind) 1045-OH_ 7224) 3 | Front spring shackle bolt .872 .871 (grind) }1020 SAE 
=— Pump drive shaft gear 1.250 1.249 (ream) \1035 SAE 7226 |Front spring shackle bolt hole 873 .872 (ream) |1025 SAE 
} | : 
L * Pump drive shaft . 7505 750 (grind) 1045-OH 7415, 3 |Rear spring front bracket pin 1.243 1.241 (grind) | 1020 SAE 
oneal Pump coupling flange . 7505 .7495 (ream) 1114 SAE 7035 Rear spring front bracket 1.247 1.246 (ream) \Steel casting 
Pump shaft bushing 1.065 1.064 (turn) 26SAE 7409| 1 |Rear spring rear shackle bushing | 2.004 2.002 l26 SAE 
ater pump cover 1.063 1.062 (ream) Cast iron (SAE) 7408) Rear spring shackle—rear | 2.000 1.998 (ream) |Steel casting 
| | } 
' Oil pump shaft—drive 500 498 CRS 7416, 3 |Rear spring rear shackle pin 1.243 1.241 (grind) |1020 SAF. 
il pump gear—driven “500 501 (ream) 1114 SAE 7408 Rear spring shackle pin bore 1.247 1.246 (ream) Steel casting 
Oi pump shaft—proper 500 498 CRS '| 7224, 2 |Front spring shackle bolt | .872 .871 (grind) |1020 SAE 
Oil pump gear—driver 500 501 3130 SAE 7207 |Front spring eye bushing hole 876 .872 “ee les ear 
Crank shaft bushing 3.002 : Babbitt lined bronze | u | : 
“rank case 30022 998 Aluminum SAE-31 7416| 2 |Rear spring shackle pin | 1.243 1.241 (grind) — [1020 SAE 
‘i on 7298 Rear spring front eye bushing hole! 1.252 1.247 (reamin | 
crnestng rod—lower end 2.876 2.874 1035 SAE ert | place) 26 SAE 
onnecting rod bushing > 276 2 87 abbitt lined bronze wo 
, so = — a 7403| 2 |Rear spring shackle bar | 1.746 1.744 (grind) [1114 SAE 
' Water pump body 6.000 6.002 \Cast Iron (SAE) 7409) |Rear spring shackle bar bush. hole} 1.7500 1.7485 — in les gan 
ater pump cover 5.997 5.998 |Cast Iron (SAE) || 4 place) [26 SAE 
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Fits Employed for Various Parts—Continued 


numbers at the left, 


TRANSMISSION 


PART 


Tr: ansmissior countersh: aft 
Countershaft gears 


\Idler gear bushing 
Yeverse idler gear 


| Reverse idler gear shaft 

|Reverse idler gear shaft bore in} 
| ease 

| 


Trans. main shaft—top of keys 

| Trans. sliding gears—key hottoms| 
Trans. main shaft—hottom of haved 
| Trans. sliding gears—key tops 
|Trans, main shaft—key width 
|Trans. sliding gears—keyway 
Trans. shift forks—hottom jaws 


Shift fork groove diameter 


|Trans. shift. fork—thickness 


|Trans. shift fork groove—width 
Sliding gear hubs 

{Sliding gear hub hole 

| 

|Reverse idler gear shaft 

| Reverse id er gear bush.—bore 


Trans. shift fork hore 
|Trans. shift fork rod 


|Trans. front hanter—bore 


such 


1. 
| 
| 
| 
| 
| 


| 


1.249 


2.2 
2.2 
1.9105 
1.913 


556 
564 
770 
750 


bo bo 


433 
. 438 


S61 
.8595 


| 6.006 


6 000 


as 1, 2 


>} and 4, indicate the 


9 9 


No. 


MATERIAL 


class of fit 


as follows: 


No. 1—Press fit; No. 





2—Running fit; 


REAR AXLE 1D) 





2.1305 (grind) 3220 SAR 
2.129 ’ (grind) 2320, 3320, 2345, 3350 SAF 
1.627 (turn) | 26 SAE 
1.624 (grind) 9320, 3320, 2345, 3350 SAE 
1.248 (grind) 2320 SAE 


1.249 (ream) — | 


2.240 (rind) 2320, 3320, 9345, 3350S AF 
2.310 “hroach) 2390, 3320, 2345, 3350 SAE 
1.9085 (erind) _ |9390, 3320, 2345, 3350 SAF 
1.912 (grind) |9320, 3320, 2345, 3350 SAR 
| 
.55% (grind) |2320, 3390, 2345, 3550 SAR 
.560 (broach) |2320, 3320, 2345, 3350 SAR 
2.760 1025, 1025 SAE : 
2.745 12320, 3320, 2345, 3350 SAF 
.429 1025, 1035 SAE 
.436 (grind or | 
polish) | 
3 8735 (erind) 1090, 2345 SAR 
3.860 (grind) 2320, 3320, 2345. 3350 SAF 
1.246 (crind) | 2320 SAR 
1.250 (ream) 26 SAE 
.8f0 (ream) | 1025, 1035 SAR 
.8585 (grind) 1020, 1010 SAE 
6.004 
5.998 


_GEAR DATA 


Gear case centers 

| 
Vi-st cear maximum pitch diam 
|"irst gear minimum pitch diam. | 
|Countershaft wear max. pitch d. 
Countershaft gear min. pitch d. 
Add other gears 

STEI 
PART 

Jacket bushing—upper 
Jacket tube 


Upper housing cap bushing 
Upper housing cap bore 

| Pedal sheft bushing 

|Pedal shaft Lushing bore in cap 


Steering column shaft bush. O. D. 
Housing bore—column bushing 


Steering column shaft 


icket. bushing—upper 


Steering column shaft 


Steering column coupling 


Upper housing eap 
Main housine bore 


Worm shaft 
Upper housing cap bushing bore 


Pedel shoft 
Pedal shaft bushing bore 


Steering gear housing cover (pr.) 
|Steering gear honsing bore 
| 


Worm wheel choft 
Worm whee! bushings bore 
| 


Spark tube bushing O. D. 
Spark tube vore 


lhrottle rod 
Spark tube bushing bore 


|Spark tube 
Sector bracket 


Worm gear thickness 
Washers thickness 
Steering wea de pth housing 


6 004 


8.780 
8.798 


3.198 


| 3.184 





| 


| 
| 


| 
| 
| 
| 








6.000 


BRING 6 Gh dined 


MATERIAL 








Aluminum SAF-31 





Clearance with low limit ease hizh limit cears =.002 tivht 


Clearance with hitb limit 


1.872 1.871 tin and 
sweat in 
plice? 126 SALE 
1.875 1.873 (ream-steel 
tube) 16 B. W. G. (.065) 
| 
1.877 1.876 196 SAE 
1.875 1.873 (ream) Malleable iron 
53 1.251 96 SAF 
1.250 1.248 (ream) | Malleable iron 
| 
2.3145 26 SAR 
2.3125 |M: alleable iron 
1.468 1.466 (grind) a| 
inch wall) Seamless steel tube 
1.471 1.469 (ream) 26 SAE 
1.479 1.477 (grind) # 
in. wall |Seamless steel tube 
1.482 1.480 (ream) DI'S—malleable iron 
2.9985 2.996 |Malleableiron 
3.000 2.9985 (ream) | Malleable rron 
5145 1.5135 (rind) —-| 1920 SAE 
516 1.515 (lineream) }26 SAE 
1.000 998 CRS 
1.003 1.001 (lineream) |26 SAE 
6.124 6.122 | Malleable iron 
6.125 6.123 | Malleable iron 
| 
| 
1.996 1.997 (grind) 1/1020 SAR 
1.999 2.000 (ream in /26 SAP 
place) 
. 380 .378 | Brass tubing 
375 .374 (ream) |16 BWG steel tube 
3135 3115 ‘CRS 
316 .315) (ream after} 
press) |Brass tubing 
505 495 |Steel tubing 
.510 .505 (ream) | Malleable iron 
1.625 1.622 
187 185 
2.000 1.995 
— N'N" lance 


age and low limit voor 


Part 


No. 
6204 
6202 
6204; 
6249 


6204 
nated 


6281) 


6326 
6222 
6326) 
6325) 
6222 
6328 
6325 
6326 
63: 30 
652 
6330| 
6329 
6330 
6328 
6224 
6556) 
6231 
6328 
6281) 
6328 
6281 
6323 
6203 
6202 
6263 
6243 
6202 
6243) 


6536 


| 6539) 


| 
6282 
6539 
6251 
6250 














4.129 (selective fit 


oF it | 
No.| PARTS 
1 | Housi sing sleeve print dim.) ) | 4.181 
Housing—bore (print dim.) | 4.132 
| | 
3 |Housing sleeve | 4.131 
|Brake anchor—bore | 4.132 
3 (Housing sleeve 4.123 
Housing sleeve bearing (roller) | 4.125 
3 | Axle shaft spline—top of keys > 988 
| Axle shaft drive flange—bottom | 
| of keyway | 3.000 
| 
3 | Axle shaft spline—bottom | 2.576 
| Drive flange top of keys | 9.571 
| | = 
4 | Axle shaft spline key—width | 4h6 
jorere flange keyway—width | .464 
3 | Worm gear bore—spline top 1.650 
| Differential case tongue side— 
| spline bottom 11.631 
3 | Worm gear bore—spline bottom | 11.79% 
Differential case tongue side— 
spline top 11 758 
3 | Dif. case recess side counterbore | 19 376 
| Diff, case tongue side fit in 
| counterbore 10.276 
1 |Diferential case recess side fit 
in counterbore 11 7A 
| Worm gear counterbore 11.766 
Differential case recess side width 
to shoulder 7442 
| Differential case toncue side width mRO 
| Worm gear hub thickness 1503 
| Differential side ears and wash- 
| ers assembled in case 5 490 
|Dist. b-twe n fa es in case 5 BOR 
| 
3 | Diferential spider pin diameter 275 
Spider pin hole in housing 1.376 
| 
2 | Diferential spider pin diameter 1 275 
| Diferential pinion—tore 1 279 
2 | Differenticl spider bore 4 955 
Differential side gear hub 4 46 
3 | Worm shoft diameter 9 BARS 
| Worm shaft bearing diameter | 2.5630 
3 /Axl> shaft differential end— | 
spline top 1 9 9@@ 
Side gear splines—bottem | 9 005 
3 |Axle shaft differentinl end— | 
| spline bottom | 2.576 
\Side gear spline—key tops | 2.581 
2 \Axl> sheft differential end— | 
key width ; | .4f6 
|Side gear keyway—width | a7 
— . | 
3 |Worm gear carrier step 115.995 
Axle housing bore 16.000 
1 |Brake anchor pin (press) | 1.197 
Brake anchor pin hole | 1.125 
3 | Rear axle housing flange 9,252 
Brake anchor casting recess 9.957 
| 
3 |Rear wheel hub 7.998 
| Rear wheel hub fiange bore 8.004 
3 |Rear axle shaft drive plate 9.250 
ir wheel hub flance —recess 9.257 
2 IBr: ike shoft 1.252 
|Brake shaft bushing—bore 1.262 
| 
|Brakeshaft theoretical top of 
serration 1.219 
Brakeshoft theoretical bottom of 
| serration 1.141 
Brakeshoft serration top 1 203 
Brakeshoft serration bottom 1 145 
| Angle of serrations 9 degrees 
legen theoretical top of serration | 1.143 
|Lever theoretical bottom of 
| serration 1.221 
| Lever serration top 1.153 
| Lever serration bottom 1.211 
| Angle of serrations 9 degrees 
1 |Brake shaft bushing (press) 1,502 


|Brake shaft bushing bore in brake 
anchor 





1,499 


No. 3 Clearance 4; 


MATERIA) 


eee 


3130 SAR 


4.130 (15 ton pres- 
sure Cast stee| 
4.129 3130 SAR 
4.130 1020 or cast sto 
4.124 (grind 3130 SAR 
4.126 
2.978 (drivir 
flanve 3140 SAR 
wee shripnl 
2.998 on the axle 
shaft) | 
[3130 SAR 
2.573 3140 SAR 
2.568 3130 SAR 
4f4 3140 SAR 
462 3130 SAR 
11.645 (cenerated)|5°e page 1316 
11.622 (aenerated)| 1020 or ste} eastine 
11.769 (cenerated)|See page 1316 
11.755 ‘generated)| 1020 or ste! casting 
10.375 | 1020 or steel castins 
10.375 |1020 or tes eatin 
| 
11.786 i" | 1020 or steel casting 
11.764 |See pare 1316 
7912 1020 er steel casting 
TAN see 20 or steel casting 
1.500 See page 1316 
IM: ike s allowance ofp phy 
5.446 . minus for pinch ft 
5.504 Cases On gear, 








1.273 (grind) }2315 SAR 
1.375 1020 or steel casting 
1.27% (rind) 2315 SAE 
1 377) (erind) }2315 SAL 
493% (orind) | 2315 SAL 
4.247 (grind) [2315 SAR 
2 5A (grind) [3120 SAE 
2.5640 
9.978 (erind) 3140 SAE 
2.995 (broached) |2315 SAE 
2.573 3140 SAR 
2.579 (grind) 2315 SAE 
44 |3140 SAE 
“467 |2315 SAE 
5 998 Malleable iron 
15.998 
15 994 Cast or pressed steel 
1.126 (turn) 3120 SAL 
1.124 (ream) 1025 or cast steel 
9.949 Cast or pressed ste! 
9.253 1025 or cast steel 
7.992 | Malleable iron 
8.000 — steel 
9.245 /3130 SAE 
9. 952 | Cast stee 
1.248 | 1020848 
259 = (res in | A 
1,25) pty P 26 SAE 
1.209 | 1020 SAE 
31 1020 SAB 
eo 1020 SAE 
1.147 
| 
1.141 | 1035 SAE 
‘ 1035 SAE 
219 S ae 
i Tt 1035 SAE 
1.209 1035 SAE 
1.501 26 SAE 
1.497 1025 or cast stee! 
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1320 AUTOMOTIVE INDUSTRIES June 16, 192' 
THE AUTOMOBILE 
! ’ . 2 
' ind 4, indicate the class of fit s follows: No Pre fit: No, 2 j ’ 
Ne 4—@hrink At Running fit; Ne Clearances 
PRANSMISSION - REAR AXLI 
AN sail | Part | Fit 
PART MATERIAL No. | No PARTS MATERIAL 
5534) 1 | Tranemissior countershaft 2.1315 > 1% ind r299 QAP | 8204 “a ; 2 
553 | sear eam : Poa 2 r 8 204; 1 |Housins sleeve (print dim.) 18 0 (enloctive 
31 Countershaft cears 2 130 2.129 (grind) 2320, 320 2345, 3350 SAR | 6202 | Housing bore print dim ) ‘ 133 ‘ m0 yom Hi _— 
= 1 |Idler gear bushing 1.628 1.627 (turn) om SAR | | aure) Cast steel 
Reverse idler vear 1.625 1.624 (grind) 2 2320, 3320. 2345 3350 SAF 6204) Housing sleeve 4.121 4.129 laizo S\E 
5503) 3 | Reverse idler cear sh»ft 1.249 1.248 (grind) aner 6249) Brake anchor—bore 4.132 4 130 11090 or cast stee! 
6511 Reverse idler gear ahaft bore in ae ; 6204 Housinz sleeve 4.123 4.194 (eri = SAE 
case 1.250 1.249 (ream) Alumirum S\F31 6218 Housinz sleeve bearin (roller) 4 195 4.126 won onde 
5551) 3 |Trans. main shaft—ton of keys 2.945 2 ind) 2, 2% 5. 335 ? , ; 
5562) | Trans. slidinz gears—kev hottems| 2.290 2 310 throach) —- posto os. ann RAE ee cae, ae oe 3140 SAE 
Ree ee 7 9 » shaft drive flange— tgaihs j — 
5551] 3 |Trans.main shaft—bottorn of keys} 1.9105 1.9085 (erind) sea sali dae eee 6282 —_ = flange—bottom woe shrank 
5562 Trans. sliding gears—key tops 1.913 1.912 (grind) 9290, 2390, 2245, 3H SAK ” 3.000 2.998 on ‘ - 
SAI, SL, 254, te NE. shaft 
= 2 — main shift—kev width 556 .553 (grind) 929, 329, 2245, 2250 SAR 3130 SAE 
rans. sliding gears—keyway 564 -560 (broach) — 2320, 3320, 2345. 2350 SAR = 3 | Axle shaft spline—hottom 2.578 2 473 21440S\R 
pote 2 Trans. shift forks—bottomn yaws | 2.770 2.760 1095. 10"8 SAG 4 Drive flange top of keys 2.571 2.568 3130 SAE 
62 Shift fork groove diameter 2.750 2.745 2320, 3320. 231%, 3250 SAF|| 6231] 4 |Axleshaft spline key—width 406 ana 3140 SAR 
5571 2 Iran. shift fork—thicknese = “a indole 6282 Drive flange keyway—width 464 “462 3130 SAR 
Trans. shift fork groove—width -438 -436 (grind or 6222} 3 |Worm gear bore—spline top 11.650 11.845 ( ted) See page 1316 
polish) 6325 Differential case tongue side—| * ; ee said 
3505 : Shane set hub b ! 3.875 3.8735 (erind) 1090, 9245 SAP ee 11.631 11.622 (aenernted)) 1020 or steol casting 
iding gear hub hole 3.862 3.86 i 9390, 3320, 2345. 33! mM] 62 i 
860 (grind) —_[2320, 3320, 2345, 2350 SAF) 6222) 3 | Worm gear bore spline bottom 111.786 11.769 (eneratedy|See paze 1316 
5593) 1 |Reverse idler gear shaft 1.247 1.246 (erind) 220 SAF spline top gan . 
5592 Reverse id er gear bush.—bore 1.251 1.250 (ream) 26 SAB 11 758 11.755 (generated)|10°0 or steel casting 
. ; 9 : ite 
ood 3 —— _* t 0 hore 861 .860 (ream) 1995 195 SAR 6325 ' Dif eS oe "ts 10.376 10.375 1020 or steel casting 
rans. shift fork rod 5 (gri ) SAE : ‘i 
a, a . ; .8595 .8585 (grind) 1020. 1010 SAE counterbore 19.276 10.375 1020 or steel castine 
: rans. front hanter—bore 6.006 6.00 if inl ce u i 
5511 Trans. front trunnion 6.000 8.908 wise ‘ie gerne rm nanaieaamie 11.788 «11-7 1020 or steel 
a : aR or stee 
GEAR DATA 6222 Worm gear counterbore 11.766 11.784 See pare — 
5511 AAPOR 6.004 6.000 6326 a case recess side width 
shoulder 
; . : - ee 7443 794 1020 or stee 
5565 Fi-st gear maximun pitch diam. | 8.780 — Differenti il case ton ue side width} “7x9 - 1020 or a “ — 
5565 First gear minimum pitch diam. | 8.798 ass Worm gear hub thickness 1.503 1.500 See page 1316 
5534 Countershaft sear max. piteh d. | 3.198 _ Differential side gears and wash- Make all 
Countershaft gear min. pitch d. | 3.184 6325 Ors assem|sled In case 5 490 5.456 minus pag ne 
5534 Aadiothecwnare poe Dist. b t.e n fa es in case 5.508 5.504 cases on gear, 
6330) 3 |DiTerential spider pin diumeter a7 * 2315 SAR 
STEERING GEAR 6525] [Spider pin hole in housing eo alain 
Part | Vit 6330} 2 |Diferential spi: : if 
No. | No. PART MATERIAL 6329| ~ |Diterential = =the egal — ited Ay 
———|— phates 6330) 2 | Differenti | spider bore 4955 4 953 toring) 2815 SAR 
7529 Jacket bushinz—upper 1.872 1.871 cin and 6323 Differential side gear hub 4.949 = 4-947 terind’s 2315 SAB 
weat in 
i 6224] 3 |Worm shaft diameter ; 311 
7577 Jacket tube 1.875 = 1.873 ile hee 6556 Worm shaft bearins diameter 3.5630 ; Bean — — 
tube) 16 B. W.G. (085) 6281] 3 Axl: shaft differential end 
xl» shaft differential end— 
7526| 1 |Upper housing cap bushing 1.877 1.876 RSAE spline top i : 
5 “ae : =H SAN e “ ‘ 2.988 2972 (eo ) 3140 SAR 
7508 Upper housing eap hore 1.875 1.873 (ream) — | Malleable iron 6323] {Side gear splines—bottem 3.005 2.995 (hroached) 2315 SAE 
7531} 1 | Pedal shaft bushing ; 1.2953 1.251 2% SAR 6281) 3 |Axle shaft differential end— 
7508 Pedal shaft tushing bore in cap | 1.250 1.248 (ream) Malleable iron 6323 " —_ — . 2.576 247% 3140 SAR 
—kev t : 9215 Gan 
7526) 1 |Steering column shaft bush. 0. D.| 2.3145 2.3135 98 SAF Ce wie oe a ~~ 
Housing bore—column busning | 2.3125 2.3105 Malleable tron a nn ae 
It F 0 
7510} 2 |Steering column shaft 1.468 1.466 (grind) 3 6323 side Hoa fein alll - yo at SAL 
g i ch ’ I nee Ng § 
7529| | Jacket bushine—unper 1.471 - 1,469 (ream) — 6203] 3 |Worm gear carrier step 15.995 15.998 Malleable iron 
, 20: Axle housing bore : % 2e 
7510} 3 {Steering column shaft 1.479 1.477 (grind) * 62 neo seein ae 
: . in. wall {Seamless steel tube 263) 1 |Brake anchor pin (press) 1.127 1128 (tnen) 3120 SAE 
7525 Steering column coupling 1.482 1.480 (ream) DPS—malleable iron 6243 Brake anchor pin hole 1.125 1.124 steel 1025 or cast steel 
7508] 3 |Upper housing cap 2.9985 2.996 Matlaahitetr 6202) 3 IR le housin flanz } 
x i oP IOe oo oles ‘Iron ear axte housin® | ane 9,252 9.249 Just or pressed stec) 
7504 Main housing bore 3.000 2.9985 (ream) =| Malleable iron 6248 Brake anchor easting recess 9.257 9.253 1025 or east steel 
7506] 2 | Worm shaft 1.5145 1.5135 (erind) 1090 SAE 6536) 3 |Rear wheel hub 7.998 7 i 
; ; . 5135 (2 Dy OS .992 Malleable iro: 
7526 Upper housing cap bushing bore | 1.516 1.515 (lineream) 26 SAF 6539 Rear wheel hub fence hore 8.004 8.000 Cast steel e 
7656) 2 |Pedal shaft 1.000 998 ORS 6282} 3 |Rear axle shaft drive pl: 31 
: é 98 RS § > plate 9.250 9.245 3130 SAE 
7531 Pedal shaft bushing bore 1.003 1.001 (lineream) |26 S\F 6539 Rear wheel hub flan-> —recess 9.257 9.252 Cast stee 
7509} 3 |Stcering gear housing cover (pr.) | 6.124 6.122 Malleat 6251) 2 
; 122 Malleable Brake shoft 1.252 1.248 1020 SAE 
7504 Steering gear honsing hore 6.125 6.123 Malleable co 6250 Brake shaft bushinz—bore 1,262 1/350 (ream in 
: 26 SAE 
7505} 2 | Worm wheel shaft, 1.996 1.997 (grind) 1020 SAE as 
7554 Worm wheel bushings bore 1.999 2.000 (ream in |26SAR 6251 Brakeshaft theoretical top of ' 
place) serration 1.219 1.209 1020 SAE 
: 6251 Brakeshift theoretical bott 
7523 2 |Spark tube hushing 0.D. .380 .378 Bross tuhine ‘carration nema. 1.141 1.131 1020 SAE 
7521 Spark tube vore 375 .374 (ream) 1¢ BWG steel tube 6251 Brakeshoft serration top 1203 = 1.205 1020 SAE 
6251 Brakeshvft serration hottom 1.145 1.147 
7522| 2 |Throttle rod 3135 .B115 ORS 6251 Angle of serrations 9 degrees ‘ 
7523 Spark tube bushing bore 316 .315 (ream after 
press) | Brass tubing = heed ——<- “ ¢ hagas 1.143 1.141 1035 SAE 
e ical bottem of 
q 7521; 2 |Spark tube 505 495 Steel tubin serration 1.221 1.21 5 
50! ; Steel tubinz orrati 22 219 1035 SAE 
. 7515 Sector bracket .510 -505 (ream) Mallea! Ie iron pe — serration top 1.153 1.151 1035 SAB 
S f 5 ever serration hottom 1.211. = 1.209 1025 SAB 
4 7505 Worm gear thickness 1.625 1.62 6 inal i ls 
ye eA ti - - 374 Angle of serrations 9 degrees 
7504 Steering gear depth housing 2.000 1.995 
= sar FER ; 250} 1 |Brake shift bushing (press) 1.502 p 
Clearance with low limit ease hith limit tears =.002 ticht. p= ees . sam aan 
dog tere aot ie ‘ai : =nt. 6263 Brake shaft bushing bore in brake 
Clearance with hivh limit nn! low limit vears = 0105 lanse anchor 1,499 1.497 1025 or cast steel! 
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Heat Treatment of Parts—Continued 


June 16, 192 


Class ““B”’ SAE 1114 Steel Parts 

































































aaiaaiacdie Which May Be Made of Com- 
uirements on Drawings e 
mercial Screw Stock. 
Part No. Part Name Hardness Revised Requirements 
No. 
Steel No. Heat Treatment uf 
Brin. Seler, Part No. Name Req 1 
i = — valve body 1 
: “yy T = owel, magneto 9 
7383-W |Hook, towing (R. H.) |1035 38 min. |SAE ht. “H None 1287-V | Dowel, oil pan 4 
d . , —— 1172-V | Handle, oil gauge . 1 
7384-W Hook, towing (L. H.) |1035 38 min. [SAE ht. “H None 5756-V | Nut, soahenae pedal stop 1 
1293-V | Nut, connecting rod oil tube clips (Castle) 4 
7401-W |Lunette 1020 Anneal after forging. None 8223-V | Nut, dis. set wer lock wsinuaans 1 
Heat 1450-1500. Quench 7632-V | Nut, expansion pipe packing flange 3 
in oil og srg ~ —— a 1 
er" * = ut, fan bracket stu 
7402-V |Pin, rear spring front} 1020 80 min. |Carb. ¥y-& None 5756-V | Nut, fan spider screw , 
bracket paged Nut, gear case _ 16 
: | : aad . 5457- Nut, generator shaft bearing cage (Cast] d 
7305-W |Clip, rear spring 2330 40 min. |Quench in oil at 1535 to None 1255-V | Nut, governor rod tube loc a memes : 
1565. Draw at 900-1000) 1286-V | Nut, governor rod joint ball stud ) 
a = are 1286-V | Nut, governor rod lock 1 
7407-V  |Nut,rearspringelip [3135 Quench in oil at 1535-| INone 5756-V | Nut, inlet to expansion manifold stud 4 
| 1565. Draw at 800-1000) 5756-V | Nut, oil pan screw 32 
' . 5756-V | Nut, thrust plunger stop screw ) 
7414-V |Pin, rear spring shackle} 1020 iw min. |Carb. #y-a&% None 5756-V | Nut, water pipe stud ‘ K 
1286-V | Nut, water pipe coupling flange ) 
7505-X Ww orm wheel, and shaft) 1020 |75-90 top Carb. wheel vs. Heat|1. Carb. #y all over at 1650, 11 hr. 1329-V | Nut, taper fan wikeiiee enter i 
(steering) teeth 30 treat shank # 2. Heat all over in sq. gas furnace at 1322-V | Nut, taper coupling flange 2 
| \min. 1600, 45 min. 3. Quench in oid. 1322-V | Nut, taper water pump rotor 1 
shank 4. Reht. head only at 1420, 30 min. 1288-V | Nut, taper oil pump drive shaft ) 
| | 5. Quench in water. 6. Draw shank 7607-V | Screw, accelerator pedal stop 1 
| at 1150, 10 min. (cool in air). 7. 5752-V | Screw, breather 9 
| Draw all over at 350, 30 min. 5751-V | Screw, coil 5 
| ‘aie 7080-V | Screw, fly wheel cover 5 
7506-W | Worm (steering) 1020 75-90 top|Carb. worm 7c. Heat|!. Carb. #y at 1650, 11 hr. 2. Heat 1637-V | Screw. gus food pipe clip 1 
| jteeth treat shank lin lead at 1600, 20 min. 3. Quench 1316-V | Screw, governor lever spindle ' 
| | [30 min. jin oil, 4. Anneal worm rt in 5752-V Screw, oil pump body r 
| shank \cya anide. 5. Cool in air. 6. Reht. 5751-V | Screw, oil pump drive shaft bracket 1 
at 1420, 20 min. 7. Quench In 1415-V | Screw, oil pump drive shaft bracket cover ! 
| | | water. 8. Draw end at 1200. 9. 5752-V | Serew, pump shaft housing cover 3 
| | |Draw all over at 350, 30 min. rong Socket, governor rod ball joint 2 
sg ae , . . 1201-V | Stud, generator shaft bearing cage 
7507-W Steering arm 3130 35-45 |SAE ht. “H’ 1. Heat at 1550, 30 min. 2. Quench 1311-V | Stud, governor rod ball joint ball ? 
| | | jin oil. 3. Reht. at 1150-1200, 45 min, 1008-V | Stud, water pipe Q 
| | | 4. Cool in air 1768-V | Body, oil relief valve 1 
reccest fy ‘ | . 1752-V | Handle, oil gauge 1 
7532-V —_|Collar, thrust, outer [3120 |Case harden |None 1331-V | Screw, expansion pipe packing flange 3 
4H . | 1136-V | Screw, fan adjusting 1 
7533-V —_|Collar, thrust, inner 3120 | \Case harden None 7080-V | Screw, fly wheel cover 2 
aie. . | | . 1338-V | Screw, fan spider 4 
7542-V _|Pin, Ratchet Drillrod Harden 1. Heat in sq. gas furnace at 1400, 1637-V | Screw, gas feed pipe clip 1 
| 10 min. 2. Heat on plate, 30 min. 1207-V Screw, gear case cover 16 
| |3: Quench in water. 4. Draw at 1416-V | Screw, generator set 
| | | /425, 20 min. pag Seren, governor oetes spring cage 
| H | 52- r rnor lever ho 
7544-V |Washer, worm wheel /|1010 | | \Case harden 1. Carb. #y at 1650, 74% hr. 2. Cool 1316-V ose, pio lever rao ng 
thrust | in carbonizing material. 3. Heat in 1285-V | Screw, magneto coupling flange 
| jfurnace at 1400, 10 min. 3. Quench 5201-V | Screw, oil pan, long 
| | lin oil. 4. Draw at 350, 20 min. 5752-V Screw, oil pan, short 
| 5752-V | Screw, oil pump bod 
7602-V ‘| Pin, yoke end IC. R.S. \70 min. |Carb. dy-é% harden iastg 5751-V | Screw, oil ae deve shaft bracket 
| | 1415-V | Screw, oil pump drive shaft bracket 
7677-V |Pin, brake equal lever |1114 lr min. |Carb. dy-&, harden None 1285-V | Screw, cae peste flange — 








1324-V | Screw, pump cover 





Fits, Tolerances and Heat Treatments 
Applied in Production 
(Continued from page 1316) 


Front Axle and Steering Gear—The front.axle is of 
I-beam design with Elliott type steering knuckles fitted 
with taper roller bearings in the wheels only. The king 
pins are held fast in the knuckles and turn in bushings 
fitted in the axle yoke. The steering gear is of the con- 
ventional fore and aft worm and gear type, fitted with 
ball thrust bearings, the gear having a full circumfer- 
ence and the spark and throttle control being on the 
outside. 

Clutch—The clutch is of the dry multiple disk type 
and has 19 plates, of which 9 are faced with woven asbes- 
tos fabric. The clutch is enclosed by a bell-housing 
bolted to the crankcase. 

Universal joints are of the yoke and cross type and 
are enclosed in a pressed steel casing. The propeller 
shaft ends are splined and welded into the tubular pro- 
peller shaft. 

Rear axle is of full floating type with the worm gear- 
ing, the differential being of the bevel gear type 
with four pinions. Taper roller bearings are used. The 
axle shafts are splined on both ends, one end sliding into 
the splined differential gear and the other end shrunk 
into the driving flange. The worm gear is provided with 
splines cut on the inner circumference and fits over the 
differential case, which is also splined. This construc- 


5752-V | Screw, pump shaft housing cover 
1277-V Screw, rear bearing filler block 
1064-V | Screw, camshaft and idler thrust plunger 
stop 

1082-V | Screw, valve tappet adjusting 
1327-V | Screw, water pump bracket cap 
5752-V | Screw, water pump tee 

1309-V | Socket, governor rod ball joint 
7597-V | Stud, accelerator pedal 

1030-V | Stud, fan bracket 

1201-V | Stud, generator shaft bearing cage 
1311-V | Stud, governor rod ball joint ball 
1007-V | Stud, intake and expansion manifold 
1194-V | Stud, intake to expansion manifold 
1029-V | Stud, valve tappet 

1008-V | Stud, water pipe 

1079-V | Tappet valve 


‘lea emaaiaataieaasinaadat WwW KK RON fee wNHe 











tion is employed to relieve the bolts which clamp the 
worm gear to the differential case from shearing strain. 





RESOLUTION has been moved in the British House 

of Commons to give protection to certain “key” in- 
dustries, the maintenance of which on a definite scale of 
magnitude is regarded as being in the national interests. 
The list of industries includes magnetos, metallic tung- 
sten, ferro-tungsten, and manufactured products of me 
tallic tungsten, and compounds of thorium, cerium, and 
the other rare earth metals, and all synthetic organic 
chemicals. The proposal is that on all these articles an 
ad valorem duty of 33% per cent shall be imposed. A 
similar duty should, it is suggested, be placed upon other 
articles which may be offered for sale in the United King- 
dom at prices below the cost of production or at prices 
which by reason of the condition of currency are below 
the prices at which similar goods could be profitably minu- 
factured in the United Kingdom. 
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N planning the Forum department for the Engineering Number of AUTOMOTIVE INDUSTRIES, a goodly num- 


ber of engineers were asked to contribute. 


In each case a question was suggested, but it was made plain 


to the engineer that his most advanced thought was requested. As was the desire in the planning, a num- 
ber of the contributors have entirely ignored the question sent to them, and have written the thought upper- 


most in their minds. 


The Engineering Staff of AUTOMOTIVE INDUSTRIES believes that this presentation of engineering opinion 
is unique for this field of thought. Our hope is that the discussion will not end here. The Forum is—as it 
always has been—open to the thought in the industry. Further discussion of the points presented here— 
or others the reader may have in his mind—is invited. Such a discussion, whether it is a presentation of 


opinions or the asking of questions, is the most profitable kind of co-operation. 


reader. 


The door is open to each 


We invite you to participate in the feast of divergent opinion we have prepared with, the help of the 


automotive community : 


The Next Step in Engine Design 


Elimination of Throttling Under Light 
Loads 


Editor, AUTOMOTIVE INDUSTRIES: 

In my opinion the most logical step in rendering auto- 
mobile engines more efficient under average working 
conditions is to eliminate throttling and low compression 
under light loads, just as was done with steam engines 
during the development of that industry. 

History will repeat itself. For seventy years steam 
engines rejected the steam at boiler pressure, then Watt 
introduced complete expansion and, with a few other 
minor improvements, obtained four times the power per 
pound of coal. 

For twenty-five years automobile engines have been 
releasing the burning gases of the working stroke at 
less volume than was compressed, rejecting more than 
40 per cent of the heat units to the exhaust. 

or over 100 years steam engines were governed by 
throttling the intake with a butterfly valve, reducing 
the initial pressure and efficiency with the load. 

Ever since the birth of the automobile engine, always 
too large for the average load, its output has been con- 
trolled by the braking effect of throttling the intake, 
thereby lowering the compression and the thermal effi- 
ciency. 

Complete expansion in an internal combustion auto- 
mobile engine is more practicable than in a steam engine, 
necause we have no cylinder condensation to contend 
with, yet builders of auto engines have been and are 
still vying with each other to see which can get the 
most horsepower per unit of piston displacement when 
volumetric efficiency has nothing to do with the output 
per unit of fuel consumed. 

As the average working condition of the automobile 
engine is from one-fifth to one-quarter of its full ¢ca- 
pacity, it must be designed to give a higher efficiency 
at these loads. 

A complete expansion cycle, developing 30 per cent 
thermal efficiency at full load, permits of increasing the 
compression and decreasing the fuel content as the load 


becomes lighter, thereby eliminating the braking effect of 
throttling and the thermal losses of low compression. 

The automobile industry is in a rut, worn deep by 
continually following primeval practice of throttling the 
gases during the induction stroke to control the speed 
and output, thereby turning into useful work, during the 
average load, but one gallon of gas for every ten put 
into the fuel tank. 

Such a policy may have been permissible when fuel 
cost less than maintenance and automobiles were taxed 
according to their piston displacement. 

Now, however, it would be most unwise to design and 
build engines along the customary and standard lines 
if better thermal efficiency is desired, and twenty-five 
years of high volumetric but low thermal efficiency 
should not be extended or prolonged in this progressive 
age, especially now that our fuel consumption is ap- 
proaching nature’s supply. 

C. E. SARGENT. 





Research in Vaporization 


Editor, AUTOMOTIVE INDUSTRIES: 
Answering your letter, in which you ask the following 
question: What do you regard as the next logical step 
in rendering automobile engines more efficient under 
operating conditions? I would answer as follows: 

A proper device for furnishing a thoroughly vaporized 
mixture to the cylinder at a relatively low temperature 
and a combustion chamber which will burn this mix- 
ture entirely free from knocks at all loads and speeds 
and with higher compression ratios than possible at 
present; namely, 414-1 and above without the use of 
dopes. 

The next step is an engine which will handle any fuel 
by the use of dopes with high air-cycle efficiency and 
high combustion efficiency, which, combined, mean high 
thermal efficiency. 

We do not feel a satisfactory vaporization system 
has yet been produced to furnish a proper mixture to 
the cylinder with 440 degrees end point fuels under vary- 
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ing conditions of speed, load and rapidly changing de- 
mands of load and speed. 

The reason this has not been accomplished is because 
there has been too little real research and too much 
experimental development, without the groundwork of 
true research as a guide. 

We expect to attack the problem along this line. 

H. L. HORNING, 
Waukesha Motor Co. 





Refinements in Engine Design 


Editor, AUTOMOTIVE INDUSTRIES: 

In reply to your question, “What changes in passenger 
car engine design do you advocate to render these en- 
gines more economical under average operating condi- 
tions?” one may almost answer “None.” Refinements in 
design, “Yes.” Better construction, higher mechanical 
efficiency, higher compression ratios as soon as the aver- 
age commercial fuel will permit, and particularly such 
refinements in design and such care in assembly that 
the frequency and the cost of overhaul will be reduced 
at least 50 per cent. By such means maximum brake 
thermal efficiencies might be increased from the present 
20-25 per cent to.a possible 30 per cent, and the upkeep 
cost indefinitely reduced. 

However, the most important immediate possibilities 
of economy involve engine design only indirectly. The 
major economies which might be realized may be stated 
as follows: 

(a) In unburned fuel (too rich mixtures), aggregating 
perhaps 25 per cent of the total fuel cost. 

(b) Elimination of mechanical losses by the operation 
of engires at the optimum speed and load. An ideal 
transmission system (if it existed) could save 15 to 25 
per cent of present fuel consumption and perhaps cut 
in half the cost of upkeep of engines. 

(c) A general reduction in weight of cars would re- 
duce the total cost of automobile transportation, now 
estimated at an average of about 12 cents per car mile, 
almost in proportion to the reduction in weight. In 
general, if average cars weighed half as much, the popu- 
lation could afford to use nearly twice as many of them. 

These economies cannot be realized if attempted with 
any sacrifice of comfort and convenience on the part of 
car users, or with any great increase in complexity of 
mechanical construction. 

(a) Fuel waste is the net result of many causes, chief 
of which is perhaps the necessity of some sort of manual 
adjustment of the fuel supply for starting and warming 
up the engine with the grade of fuel which must be 
used. The average driver cannot possibly learn to main- 
tain an economical fuel adjustment and, in fact, would 


not take the trouble even if he knew how (and it takes 
much trouble with the average car). Unburned fuel 
will continue to pollute the air until carbureting and 
manifold systems can be developed which adjust them- 
selves for temperature of the air and the engine, at 
least as well as present systems do for speed and load, 
and do it without the care or the interference of the 
average driver. 

(b) The power absorbed in the engine under average 
driving conditions about equals that required to drive 
the car. With present types of transmission this can- 
not be greatly reduced with cars that will satisfy the 
driver. An ideal transmission should allow the engine 
to operate always at nearly full load and at a speed 
which would furnish the power required, adjusting this. 
speed automatically to meet the demands for power. 
Such a transmission would not only save fuel, but might 
be much more comfortable to drive, but it does not exist. 
Why not find a way to solve this problem? 

(c) Any reduction of car weight must be accomplished 
without sacrifice of comfort. The ratio of sprung to 
unsprung weight and the ratio of car weight to maximum 
load cannot be reduced without sacrifice of comfort 
unless spring systems are improved, or other means 
found to maintain comfortable riding qualities. 

H. C. DICKINSON, 
Physicist, Bureau of Standards. 





The Next Step in Engine Efficiency 


Editor, AUTOMOTIVE INDUSTRIES: 

In your letter of April 28, you ask me what I regard as 
the next logical step in rendering automotive engines more 
efficient under average operating conditions. 

My answer would be: Increased compression, or rather 
expansion, leaner mixtures, and lower friction losses. 
However, in stating this I am keenly aware that the state- 
ment is almost worthless without some words about the 
way to attain these ends. 

Stratification, doping, turbulence, multiple spark plugs, 
admixture of inert gases, finally the injection principle— 
all these are means at present being tried out somewhere 
in the world. The final preponderance of any of these 
methods will depend as much on the persons backing them 
as on the value of the methods themselves. 

I have reviewed all these things more fully in a bulletin 
just about to be published by the Engineering Experiment 
Station of the Ohio State University. To avoid misun- 
derstandings it might be best here to end simply by a ref- 
erence to this publication. C. A. NORMAN, 

Prof. Machine Design, 
Ohio State University. 





Trend of Passenger Car Design 


Crankcase Dilution and Chassis 
Lubrication 


Editor, AUTOMOTIVE INDUSTRIES: 

There are two problems which come to mind that seem 
to be quite important. 

The first is the matter of crankcase dilution, caused 
by unburned portions of fuel leaking past the pistons 
and rings and getting into crankcase. This is certainly 
a big problem, and one which will need solving. 

Another problem is to devise a method of properly 
lubricating chassis parts, such as spring shackles, spring 
bolts, springs, brake shafts, front axle parts, etc. 


At the present time we have the motor, transmission 
and rear axle worked out to a high degree of perfection 
from a lubrication standpoint and all out of proportion 
to the rest of the chassis parts. 

Rattles and squeaks are the most frequent cause 0! 
cars entering the service station, and this is largely 
due to the fact that, first, the parts to be lubricated are 
many in number and often inaccessible, with the resul' 
that they do not receive proper attention; second, they 
are open to the elements, with the result that dirt and 
water have an opportunity of creeping into the open 
joints, which is far from a satisfactory lubricating 
condition. 
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The writer believes that this problem will be solved, 
although he is aware of the difficulties to be encountered. 

It seems obvious that these parts should be enclosed, 
so as to exclude dirt, etc., and retain the lubricant and 
at the same time be lubricated from possibly one or two 
points accessibly located. 

The writer realizes that this is not a new problem, 
and that various attempts have been made and are being 
made to solve it. The problem is still with us, and it 
is an interesting one. 

R. 8. BEGG, 
Chief Engineer, Jordan Motor Car Co., Inc. 





Design Improvements Suggested 


Editor, AUTOMOTIVE INDUSTRIES: 

The question—What is the next logical step in pas- 
senger car design and how can it be realized?—may 
be answered briefly by stating: The adoption of minor 
improvements which increase the facility with which 
the owner may maintain his car in good working con- 
dition and have it overhauled and repaired when neces- 
sary. 

The car of to-day is a reliable piece of mechanism and 
capable of withstanding a surprisingly great amount 
of neglect and abuse. In the hands of the ordinary 
driver, the average car will run for at least six thousand 
miles without much attention, but at some time it is 
necessary to adjust the valve tappets, steering gear and 
perhaps the rear axle or perhaps the radiator or its 
connections need repairs, which are minor matters and 
do not prevent the car from running. But the motorist 
of to-day is not satisfied with a car which merely runs 
and provides transportation; he wants a car which op- 
erates smoothly and without squeaks and rattles, and 
to permit the owner to continue to enjoy and take the 
full amount of pleasure from the operation of his car 
is the immediate problem of the engineer. The average 
operator does not know what his car costs to operate, 
and doesn’t much care, as long as his car gives him that 
intangible pride of ownership of a sweet-running piece 
of machinery, which he can keep in this condition for 
at least two or more years, without an undue outlay of 
time if he does the maintenance work himself, or without 
a great expense if he has the work done for him. 

The writer has owned and operated a number of cars 
of various makes and has, in some manner, been associ- 
ated with the operation and care of a great many more, 
as well as having designed a few cars which have been 
successful as regards being the source of profit to their 
builders, and in all of these cars there have been features 
which could have been improved if sufficient thought 
had been given to the details which promote the ease 
with which they could be properly cared for. 

Starting at the front of the car, it is necessary in 
most cases to do considerable work with the sheet metal 
parts before the radiator can be removed, and to remove 
and replace the hose connections unnecessarily great 
care, patience and persistence must be exercised; other- 
wise damage to some part will result. Why not have 
the metal parts attached to the flexible hose connections 
made easily removable by taking off a few nuts or by 
unscrewing a simple metal coupling, and why put the 
bolts which hold the radiator in place in positions where 
they are'so difficult of access? Further, in connection 
with the radiator, why not provide a deflecting apron 
behind the fan to direct the dust-laden air coming 
through the radiator away from the motor compartment 
toward the ground, instead of against the motor, where 
the dust will accumulate and where the carbureter will 


draw in large quantities of foreign matter, which causes 
unnecessary wear of the interior of the motor? Experi- 
ence has shown that, with a properly designed cooling 
system, it is not necessary to have the fan blow the dust- 
laden air through the motor compartment. 

Reverting to the sheet metal work at the front of the 
car, everyone knows that to remove a front fender or 
splasher requires more time than is necessary, because 
of the large number of small bolts or screws necessary 
to prevent excessive vibration, squeaks and rattles of 
these parts. Why not securely fasten these sheet metal 
parts to the frame, independent of each other in such 
a way that any of the parts can be removed without 
disassembling any other part? This merely means that 
each part will be designed or braced to be sufficiently 
rigid to withstand vibration, without depending on some 
other sheet metal part to provide the necessary rigidity. 

Referring to the motor compartment—very few motors 
are free from serious oil leaks, even when new. The 
joints between the valve tappet covers and cylinder 
blocks leak oil, no matter how tightly the bolts or nuts 
on the covers are drawn. This defect is due to improper 
design of the covers, the fastening means, or the packing 
used, and instead of using one or two nuts in the center 
of the cover to hold it in place, cap screws along the 
edges of the plates should be used, because the extra 
work of removing a few additional easily accessible 
nuts or screws is not objected to if the motor can be 
kept exteriorly free from oil, which, with the dust drawn 
through the radiator, causes the average motor space 
to become a grimy mess, instead of the clean, neat com- 
partment which it well might be, with pride to the owner 
and credit to the builder. Another serious source of 
oil leakage at the motor exists at either end of the crank- 
shaft where it passes out of the casing. Most manufac- 
turers are satisfied to provide an annular space sur- 
rounding the end of the shaft, feeling that they have 
made provision against the escape of oil at these points. 
Why not put oil-throwing rings on the shaft ends and 
provide a series of close-fitting annular grooves in the 
casing, with ample means for draining the oil back into 
the crankcase before it leaks out on to the road or the 
garage floor? I think that, judging from the oiled ap- 
pearance of streets used by numbers of cars and from 
the appearance of garage floors, a surprisingly large 
amount of oil is wasted in a manner which is prevent- 
able, and by being wasted causes expense far in excess 
of the value of the oil. 

It is possible to dwell at length on possible simple 
improvements in the design or location or mounting of 
the parts in the engine space, which will make it easier 
to properly clean and maintain these parts and be re- 
flected in the increased life and better operation of these 
parts, but space does not permit of a detailed considera- 
tion of the subject at this time. 

Briefly referring to other parts of the car, why not 
eliminate, as far as possible, all necessity for providing 
oil or grease lubrication of parts, particularly those 
inaccessibly located under the car? For instance, the 
use of small, laminated leaf springs, arranged vertically 
at the ends of the chassis springs, to take the place of 
spring shackles, which might also be replaced by using 
flexible fabric materials, such as cotton belting, working 
in tension to connect the ends of the springs to the 
chassis. Why not, also, use some form of universal 
joint, either of the fabric or spring type, to replace the 
grease throwing type now in common use? Why not 
have the floor of the body over the rear axle removable, 
so that lubrication and care of the center part of the 
axle can be accomplished without the necessity of get- 
ting under the car and ruining one’s disposition and 
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clothing? Why not provide felt or other materials to 
pack openings in gear cases, etc., through which shafts 
pass, and by experiment determine the best packing 
material in each place, as well as the best way of pro- 
viding a suitable means of keeping the joint tight dur- 
ing long periods of use? Using a piece of clock spring, 
surrounding the packing so as to press it against the 
revolving shaft, is a simple and cheap means of prevent- 
ing oil seepage between the shaft and casing. Another 
source of messiness is where the gear shift rods pass 
through the ends of the transmission casing. Why not 
extend the casing, or provide a cover to enclose the ends 
of the rods, so that the lubricant which always leaks out 
at this point will drain back into the case? 

A great deal of work has been done to improve the 
operation of the engine, and much has been written 
- about increasing the fuel economy of the engine. This 
work is appreciated by all, but it seems inconsistent to 
devote so much attention to the engine and so little at- 
tention to the other power-consuming parts of the car. 
For instance, an investigation will disclose that the ma- 
jority of cars having brakes which operate efficiently, 
also lose considerable power due to the dragging of the 
brakes. It is strange that this should be so, but the fact 
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is that particularly with the foot brake, unless the ad- 
justment of the brake shoes and their operating parts is 
such as to necessitate a movement of from four to five 
inches of the pedal pad, the brake will be found to drag. 
The average operator enjoys driving most when a move- 
ment of from two to three inches applies the foot brake, 
and this movement, with properly designed brakes, is 
sufficient and does not necessitate more than a nominal 
amount of force against the pedal pad. 

The preceding few examples serve to indicate that a 
number of little things must be properly thought out and 
embraced in our car constructions before we can sit 
back and satisfactorily contemplate the results of our 
efforts, and I suggest that one of the surest and best 
ways of improving our cars is for the designer to oper- 
ate one of his own cars over a protracted period and be 
compelled to care for it in all respects, including keep- 
ing it cleaned, without assistance. Such a policy will 
serve to familiarize the designer with the amount and 
nature of the disagreeable work necessary to keep his 
creation working efficiently and in such a condition that 
an owner may take pride in its possession and pleasure 
in its operation. 

Jos. A. ANGLADA. 





Improving Truck Design 


Outside Factors Affect Truck Design 


Editor, AUTOMOTIVE INDUSTRIES: 

The probable future developments in truck design 
constitute a subject which it is difficult to treat in other 
than the most general terms. 

The truck is a tool of commerce, its particular func- 
tion being the transportation of goods. The outstanding 
feature of merit is its elasticity in use, due to the fact 
that it operates on the public highways. As a tool of 
business it must demonstrate its utility by an adequate 
return on the investment which it represents. Its earn- 
ing power is affected by (a) its ability to work and 
(b) the cost of operation. The first item, the ability to 
work, is governed by design features and by the char- 
acter of highways over which and the traffic conditions 
through which it operates. The cost of operation is 
partly dependent upon the design, workmanship and 
material employed, and partly upon facilities which are 
provided for maintenance. 

With this brief outline of what I consider funda- 
mentals, I would say that it is my belief that the in- 
creased economy of operation of trucks, by increasing 
the amount of useful work which can be obtained, de- 
pends primarily upon the future development of an ade- 
quate system of highways, the rearrangement of terminal 
facilities to eliminate loss of time loading and unloading, 
and the development and use of special types of bodies, 
mechanical and otherwise, for specialized application. 
As these things are accomplished I foresee the oppor- 
tunity of developing trucks which will be more eco- 
nomical in operation, due to the fact that the size of 
motors and power plants and chassis can be reduced for 
a given useful load which will permit of more economical 
operation. 

This same factor will make possible the use of pneu- 
matic tires for larger specific useful loads than is pos- 
sible at the present time, thus making possible the saving 
which can be realized in maintenance by the use of 
pneumatic tires, as well as economies which can be 
realized due to the larger amount of work which can 


be done with pneumatic tired vehicles, due to increased 
speed possibilities. 

While mechanical development will undoubtedly pro- 
ceed along various lines. which it is impossible to spe- 
cifically predict, resulting in simplification of parts with 
coincident reduction in labor and material cost for main- 
tenance, I am inclined to feel that as a general thing a 
more thorough and systematic development of facilities 
for maintenance by large users for their own fleets and 
by manufacturers and distributors for the use of indi- 
vidual owners can be developed to realize the full bene- 
fits from present mechanical constructions. In other 
words, I feel that present designs are, on the whole, in 
advance of facilities which are in general existence even 
though they may be far from an ultimate state of per 
fection. 

I realize that this letter is, as I indicated in starting, 
lacking in that it does not deal with specific items, bu‘ 
I have purposely refrained from doing this for the reason 
that there is undoubtedly more than one way along 
which developments will proceed, and if I should, there 
fore, deal with any one specific line, I would only b: 
writing advertising copy as to the advantages of m) 
own personal opinions on details. 

B. B. BACHMAN, 
Autocar Co. 





Truck Engine Efficiency 


Editor, AUTOMOTIVE INDUSTRIES: 

It is rather difficult to pick out any one element ii 
truck design and say arbitrarily that this is the elemen'! 
which is capable of greatest improvement. There are s¢ 
many possibilities for better trucks along the lines 0! 
greater accessibility, easier riding, lighter weight, lowe’ 
operating costs, etc., that one cannot pick out any on: 
of these features and say that it will do most to briny 
about an improvement in trucks. 

The weakest element in the design of the truck is 
undoubtedly the engine. Records show that from 80 to 
90 per cent of the repairs and replacements on trucks 
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in service are required by the engine. This would indi- 
cate that there would be more possibilities along the line 
of improvement in engine design than in any other 
direction. 

We must remember, however, that the present-day en- 
gine is a decidedly complex machine, combining as it 
does electricity, electro-magnetism, chemistry and 
thermo-dynamics, in addition to the highest order of 
mechanical ingenuity. When one thinks of it, it is really 
a wonder, as the farmer said, that the “durn thing runs 
at all.” I, therefore, hesitate to criticize the present 
type of engine, although statistics indicate that the 
greatest possible improvements must be made in the 
power plant. 

If someone can develop a power plant which will 
operate at reasonable efficiency under all conditions, and 
particularly under partial loads, and at the same time 
simplify the design so that the numerous delicate, highly 
refined parts and accessories can be eliminated, we will 
have taken a greater step forward in the design of 
trucks. 

There is one point in truck design which, I believe, 
has been overlooked or on which, at least, we have not 
placed sufficient stress. I refer to the necessity of so 
designing trucks, and passenger cars, too, for that mat- 
ter, that the shocks on vital parts may be reduced to 
the very minimum. 

A truck is consigned to the junk heap ordinarily be- 
cause of, first, obsolescence of design; second, excessive 
wear on vital parts, or, third, the breakdown of vital 
parts due to fatigue resulting from shock stresses. Cer- 
tainly not over 10 per cent of the old trucks are scrapped 
because the design is obsolete. 

Engineers are paying a great deal of attention to the 
use of adjustable bearings, renewable bushings, etc., 
so that it should be possible to renew a truck almost 
indefinitely, so far as wear is concerned. 

In addition to all this, however, it is very essential 
that the design of the truck be such that it will accept 
or absorb shocks without injury to itself. The truck 
which is built on the rigid basis, with the idea of resist- 
ing such shocks, is at a serious disadvantage in this 
respect. A man jumping into a life-net escapes injury. 
Another, jumping the same distance onto the pavement, 
suffers serious injuries. In the former case the shock 
of landing is cushioned. In the latter it is rigidly re- 
sisted. The cushioning principle will help the life of 
the truck in similar manner. 

CHARLES GUERNSEY, 
Chief Engineer, Service Motor Truck Co. 





Spring Shackle Action 


Editor, AUTOMOTIVE INDUSTRIES: 

The query covered by your letter is: 

“What do you consider the weakest element in truck 
design to-day and what suggestion have you for rem- 
edying it?” 

It is exceedingly difficult to point out any one feature 
of design which represents the weakest point in motor 
truck design, inasmuch as there is room for so much 
discussion as to the relative importance of various por- 
tions of the chassis and, therefore, the importance of 
any weakness which might be general in such portions. 
Also, certain weaknesses which are flagrant in some 
chassis are not present in others, and so it is not fair 
to apply such cases to the whole art of motor truck 
design which can only be applied to a minority of vehi- 
cles. Therefore, in presenting one weakness in motor 
truck design, which I think it fair to say is common to 
all motor trucks in greater or less degree, one need not 
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necessarily maintain that this weakness is the greatest 
in the whole structure. 

One of the most important elements of motor truck 
structure requiring improvement at the present time is 
that of suspension. Good springs are available to those 
in a position to pay the necessarily high prices, and © 
effective means have been developed for satisfactorily 
attaching such springs to the axle in a secure and rigid 
manner, but methods of securing the ends of springs 
to the chassis frame are generally crude and unsatis- 
factory. 

The vehicle spring operates under distinct limitations. 
Although it is capable of cushioning the major shocks 
received from the road, other means are necessary to 
dampen the vibration not absorbed by the tires which, 
while of small amplitude, is of high frequency and almost 
continuous duration. Another limitation of the’ vehicle 
spring is that its cushioning qualities depend upon the 
pressure upon the spring. In light vehicles this pressure 
is fairly constant, the weight of the load, such as passen- 
gers in a touring car or packages in a light delivery car, 
does not materially change the pressure at the springs, 
but in motor trucks, particularly of the larger capacities, 
the load often represents more total weight than that 
of the entire chassis, and hence the percentage of ca- 
pacity load carried materially affects pressures on 
springs. If a spring be designed for normal maximum 
carrying capacity of the vehicle, it will provide the 







Diagrams of compression and tension shackles, 
Illustrating position when spring is under load. 














greatest cushioning effect under such conditions, and 
such conditions only. When running without load, the 
spring, on the contrary, will show little if any cushioning 
effect, so that not only are the minute vibrations trans- 
mitted direct from the wheels to the frame but the major 
shocks also. 

Various efforts have been made to provide springs 
or spring systems having a greater range of cushioning 
ability. For example, some of the large bus operating 
companies employ springs having two separate groups 
of leaves, the upper group of small capacity, which pro- 
vides good cushioning effect for light loads, and a lower 
group so cambered that it does not come into play until 
the upper group has deflected for a distance equivalent 
to a heavier load, whereupon the second set reinforces 
the first set to provide the requisite cushioning effect 
for a heavy load. 

The dearth of rubber in Germany during the war gave 
rise to the use of helical supplementary springs instead 
of the customary shackles in order to absorb some of 
the vibration incident to the use of steel tires. The 
German “Gaggenau” have always used helical supple- 
mentary springs at the ends of their leaf springs. The 
use of shock absorbers, supplementary springs and snub- 
bers of various types is very general on touring cars. 
The Hotchkiss drive has enjoyed considerable popularity 
in both touring cars and commercial vehicles on account 
of the superior performance attainable through flexible 
torque reaction resistance, and also because such sus- 
pension decreased the shocks and vibrations resulting 
from propulsive stresses. . 

Study of the action of the ordinary spring shackle 
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reveals the fact that the crank action of the shackle 
under some conditions has a peculiar binding effect 
upon the spring. Thus the compression shackle (see cut), 
when the spring is under load, permits the spring- 
eye to rise in relation to the frame. The greater the 
distance, the greater leverage the spring has upon the 
shackle, so that the return of the spring to its normal 
shape and the shackle to its normal shackle position is 
resisted; on the other hand, the tension shackle under 
the same conditions has this leverage reversed against 
itself so that the return of the spring to its normal shape 
is accelerated rather than retarded, since the distention 
of the spring has a tendency to raise the frame rather 
than lower it. A study of these actions will reveal that 
the effect in either case is undesirable, since in the case 
of the compression shackle the tendency is for the 
shackle to fall to one side or the other, thereby tending 
to restrict the return of the spring to its normal shape, 
while in the case of the tension shackle the effect is to 
keep the shackle in a position resisting spring action 
under impact. 

The greatest drawback to the spring shackle is the 
necessity for two wearing parts whose friction is of 
the disadvantageous type; namely, oscillation rather 
than rotation. Unit pressures on spring and shackle 
bolts are excessive for the sizes in which they are ordi- 
narily made, adjustment to compensate for wear is prac- 
tically impossible and adequate lubrication is not only 
exceedingly difficult from the mechanical standpoint but 
most precarious from the human standpoint. 

Another serious drawback to the conventional spring 
shackle is the lack of provision against side thrust; 
friction and pressure between the jaws of the shackle. 
Lateral stresses transmitted by the springs to the frame 
are of considerable moment and take place while the 
shackles are in motion. These result in wear and this 
wear leads to play with the attending results of rattling, 
endwise friction on spring and shackle bolts and admis- 
sion of dirt and water. 

Development of spring shackle design, therefore, calls 
for the provision of means to dampen the minute but 
destructive vibrations which the spring transmits to 
the frame, elimination of the undesirable crank motion 
of the spring shackle and a means of compensating for 
the necessary endwise motion of the spring tips without 
employing oscillating or sliding metallic surfaces re- 
quiring lubrication. Developments are now in progress 
whereby it seems that these ends can be attained by the 
employment of a yielding enclosure of the spring end 
composed of a plastic element capable of retaining the 
spring in general relation to the frame; capable of ac- 
commodating itself by deformation to the endwise move- 
ment of the spring tips without surface friction; adapted 
to constraining this endwise motion to a direction 
parallel with the frame, possessed of dampening proper- 
ties whereby the vibration from the spring may be insu- 
lated from the frame end, not by accumulation into 
vibration moments of greater amplitude and slower 
speed, such as is the action of cushioning means, but 
by converting such vibration into kneading action upon 
the plastic body, as in solid rubber tires. 

From present developments it appears that it is prac- 
ticable to use rubber for this purpose, there being no 
necessity for an excessive volume of rubber, inasmuch 
as the rear spring has two such sections and need not 
have a greater volume of rubber in both upper cushions 
greater than the volume of rubber represented by that 
portion of the tire in contact: with the ground; indeed, 
this volume may be even less, since the weight of the 
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spring itself, the axle and wheel rests upon the tire but 
does not rest upon the ends of the spring. 

This solution of the problem need not necessarily be 
the sole solution, but is here cited merely to show what 
possibilities along this line do exist and only await the 
concentrated attention of engineers to effect a much- 
needed improvement in this one detail of motor truck 
construction. M. C. HORINE, 

International Motor Co. 





Horse Power and Horse Sense 


Editor, AUTOMOTIVE INDUSTRIES: 

In an endeavor to tabulate the troubles which were seri- 
ous in the motor trucks used by the A. E. F. the writer 
surveyed numerous repair units, overhaul parks and the 
main reconstruction shops in France. In view of the fact 
that the A. E. F. at one time had in service approximately 
169 different makes of motor vehicles (this figure includes 
trucks, passenger cars and motor cycles) it will be seen 
that the survey was fairly comprehensive and included 
prominent makes of trucks as manufactured in the various 
allied countries. 

A careful analysis of this survey did not show that any 
particular element gave universal trouble in the various 
makes of trucks. It was generally found that each make 
of truck had its particular weakness and that the hard 
usage in army service brought out this weakness forcibly. 
The following is a brief list of troubles developed by dif- 
ferent American trucks: exhaust valves, push rods, fan 
studs, motor lubrication, clutch, steering gear, steering 
arms, springs, axle housings, rear axle bearings, frames, 
etc. Taken by volume approximately 90 per cent of the 
troubles were found to be in the various units to the rear 
of the engine. Lack of attention to details of design and 
of assembly on the part of American builders was a con- 
stant source of trouble. 

A comparison of the tractive factors developed in high 
gear by the average American truck with those developed 
abroad will show that the American truck has more abil- 
ity on high gear than its European counterpart. ' This 
excessive engine power overstresses and quickly develops 
any latent weakness in the other elements of the truck 


‘and causes trouble. Hence it is the writer’s opinion that 


the weakest element in truck design is paradoxically the 
engine, which is too strong. 

The fault for this lack of balance of design does not 
lie entirely with the truck engineer, but more often than 
not is caused by the personal equation of the company for 
which the design is made. 

A truck sales manager not long ago was insisting that 
cylinders 14 in. oversize be installed on a truck which 
already had good performing ability. He was asked 
whether he was selling transportation or horse power. 
The answer came immediately, “Horse power, it’s easier.” 

The public and truck salesmen should be educated not 
to expect passenger car performance of a truck and the 
truck manufacturer and engineer should be taught to 
produce a more balanced design and economical means of 
freight transportation. 

Much can be said against our practice of over-powering 
trucks, such as maintenance, road damage, etc., but two 
points stand out clearly. First, the average truck to-da) 
has sufficient power to carry a 100 per cent overload in 
high gear on hard level pavements. This condition in- 
vites overloading on the part of the truck operator and he 
does overload continually, with the result that every part 
from the clutch to the tire is a potential source of trouble 
and the one that fails first is the weak element. Second, 
as a result of too large an engine a condition exists which 
is not quite so apparent, but is of the most importance to 
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the industry at large, i.e., the gasoline wasted by these 
engines. If smaller engines were used in connection with 
proper transmission and axle ratios a probable increase 
of 50 per cent in ton miles per gallon of gasoline could be 
obtained, which would result in a national saving of fuel. 


Some of the fuel associations have been advocating this 
procedure, but so far without apparent results. 

The weakest element of truck design might be para- 
phrased as too much horse power and not enough horse 
sense. W. T. NORTON, JR. 





Fuel Economy and Manifold Development 


Heat Regulation in Manifold 


Editor, AUTOMOTIVE INDUSTRIES: 

More than ever before, the subject of economy, or more 
technically, efficiency of operation is occupying the atten- 
tion of all involved in things which have to do with 
progress. 

With the automobile this is caused by more than the 
mere outlet for the energies of the engineer—it has be- 
come imperative not only on account of the apparently 
diminishing supply of fuel but because of the general ten- 
dencies of everyone to retrench. 

The problem is difficult not simply because of widely 
varying characteristics of the fuels available but because 
of the different conditions under which the engine is re- 
quired to perform, and in which is included that of climate. 

Theoretically a charge should be gotten into the cylin- 
der at the lowest possible temperature if maximum power 
per unit of weight is desired, but with present day fuels 
this must be modified by the methods necessary in pro- 
ducing a mixture which is absolutely homogeneous. 

Analysis of this will show that whatever modification 
or compromise in initial charge temperature is effected 
will be controlled by not only initial temperature of the 
air and fuel, but the load assumed by the engine as well. 

With the two accepted mediums for affecting the tem- 
perature of the intake charge each has its advantages 
and disadvantages. 

With water, there is always valuable time lost in ar- 
riving at a temperature sufficient to produce proper re- 
sults, and when this has been arrived at, variation in ‘en- 
gine power, unless for fixed amounts and sustained pe- 
riods, finds itself contending with insufficient heat for 
large amounts of mixture passing by the throttle or too 
much for small amounts or possibly vice versa. 

In addition, the maximum temperature available is sel- 
dom in excess of 180 deg. Fahr., and with the usual com- 
mercial forms of transferring heat this is quite insuf- 
ficient. 

Briefly summed up, use of the jacket water not only 
provides insufficient heat, but the range of variation is 


too small and the total amount of heat units held in re- 


serve by the jacket water is so great as to make what- 
ever change takes place too sluggish in its action. 

It might be possible for some complicated arrangement 
to control, by means of thermostats and circulating de- 
vices, the rate of heat interchange, but a little thought 
will indicate that the complications involved would more 
than offset any thermal advantages. 

The other commonly resorted to form—exhaust heating 
—possesses also a disadvantage as to amount of heat 
available for transfer, but from the other direction, it 
might be said. Under certain conditions it is far too 
intense, and in which case it results in cracking of the 
fuel or raising of the temperature of the intake charge 
to a point sufficient to offset by a loss in power any gain 
in thermal efficiency. , 

The ordinary forms of heating at present in use are not 
the most desirable because of the fact that there is no 
fixed relation between amount of fuel, quality of fuel, 
initial heat in the fuel, and the intake air and the amount 


of heat to be supplied, and which it will be readily agreed 
is just as essential of accurate gaging as is the timing 
of the valves, or ignition, or proportioning of the mixture. 

The ultimate aim, then, is some form of heating ele- 
ment for the air or fuel or both, and which shall deliver 
to these portions an amount of heat sufficient to produce 
a definite temperature of the whole mixture, and which 
temperature shall have a definite relation to the amount 
of charge involved, basing this statement on the assump- 
tion that there already exists a definite control of the 
water jacket temperature. 

To accomplish this there must first be an abundant 
supply of heat of minimum cost and which requirements 
are covered by the exhaust gases; secondly, a medium 
easily susceptible to temperature changes in order that 
the variations may be as rapid as required; and third, a 
thermostatic device which will establish a definite rela- 
tion between these variables, and which relation can only 
be determined for a given type of engine and carbureter 
by careful dynamometer and road tests. 

D. L. GALLUP, Consulting Engineer, 
Nordyke & Marmon Co. 





Induction Gases 


Editor, AUTOMOTIVE INDUSTRIES: 

Considerable discussion has been accorded the various. 
methods of conditioning gases entering the combustion 
chamber of our various motors of to-day; and now that 
everyone is—or claims to be—fairly well “hot-spotted,” 
it is time to call attention to another factor—that twin 
companion of misery—proper distribution of induction 
gases, 

Reverting to the history of hot-spot records in the S. A. 
E. Journals of 1916 and 1917, it will be found that dis- 
cussion first started regarding the application of heat to 
induction pipes. It has taken four years to recognize and 
admit the fact that heat properly applied to induction 
pipes is beneficial. Let us hope that it does not take a 
corresponding period to wake up to the fact that even 
after gases are conditioned the problem of proper distri- 
bution is still paramount. 

Observation of the various forms of heat applied on in- 
duction pipes leads the writer to feel that the proper study 
and analysis of this problem has not been carried out by 
various designers, as some applications are clearly noth- 
ing more or less than hot induction pipes, which are not 
within the meaning of the term at all. Hot induction 
pipes make for soft motors, lack of economy, lack of power 
and frequent actual operating difficulties. Mr. A. L. Nel- 
son’s paper at the mid-winter S. A. E. meeting clearly 
brought out the factor involved in proper hot-spotting, 
namely: excessively hot localized stricture of induction 
gases in such a manner that the heavier or wet content 
can not pass a given area unless it passes through the 
medium of the air stream. 

The only suggestion I can make in regard to Mr. Nel- 
son’s application is that to my way of reasoning, his ex- 
haust is too far from his heated zone and he is not obtain- 
ing the hottest exhaust gases possible by this application. 





Mr. Nelson states that the use of this device has enabled 
him to increase his induction pipe area as well as his car- 
buretor sizes. This is very true and is as it should be. 

This question of hot-spotting has been brought up at 
various semi-annual meetings of the 8. A. E. and has been 
discussed and criticized most thoroughly by various mem- 
bers. Those of us who have been consistent users of the 
hot-spot have fallen back on the fact that, the slight loss 
in volumetric efficiency due to the induced heat through 
the hot-spot, is more than compensated for by the in- 
creased power obtained through the use of the induced 
heat from the hot-spot; and that, for the time being, we 
must rest on the fact until something better has been de- 
termined that will be as simple in its application as the 
hot-spot. Engineers, in general, had best confine their 
activities along this line and leave the more complex solu- 
tion of the problem in the hands of specialists who un- 
doubtedly will later on find a way through this maze of 
difficult carburetion. 

The “twin companion” indicated at the opening of this 
article, that has not received the attention it deserves, 
‘has been the distribution of gases. On four-cylinder con- 
struction this distribution has been reasonably simple. 
However, on six-cylinder construction and other multi- 
ples thereof, we find this problem of distribution becomes 
exceedingly complex. 

The proper application of the hot-spot at the carbureter 
branch will get the gas beyond this branch in fairly us- 
able condition. However, the breaking up of the liquid 
fuel into minute globular particles, which pass into the 
combustion chamber in the form of fog, does not indicate 
that the density of this fog-like fuel is uniform in the 
least. The mass difference of this charge can be well 
demonstrated experimentally by laboratory means. 

In passing such a charge through' pipes of various 
bends, it will be noted that the heavier globular particles 
suspended in the fog have a tendency to hug either one 
side or the other of the pipe, at the point of its ejection. 
Consequently, there is no basis for the assertion that a 
right-angle pipe will eject a uniform mixture of the fog- 
like fuel at absolutely right angles to its point of entry 
into the pipe. Therefore, the application of pipe bends is 
of great importance, even when combined with the hot- 
spot system of rupture of fuels. Care must be exercised 
to so design the entry of the gases into the cylinder block 
that these heavier elements of our fuel are not thrown 
toward the end cylinders or toward the center cylinders, as 
the case may be. 

This is particularly true on six-cylinder construction, 


where a block of three cylinders is served by one branch 


of the induction pipes. It is usually the practice to favor 
the two end cylinders with the bulk of the charge, in the 
hopes that by their increased capacity they will absorb the 
bulk of the heavy elements without disturbing the general 
functioning of the motor. These conditions generally re- 
sult in the starving of cylinders Nos. 3 and 4 to some ex- 
tent and build up different pressure readings on explosion 
cycles. 

The purpose of the above discussion has been to bring 
to the attention of engineers the benefit accruing from the 
so-called ram’s horn construction of manifold. Through 
the use of such manifolds with the ram’s horn effect— 
either up or down—we have been able to introduce the 
fog-like gas in such a manner as to equally distribute be- 
tween any one of a group of three on six-cylinder applica- 
tion. In the formation of the intake passage of a group 
of three on six-cylinder application, it is necessary that 
the cored passage in the cylinder block be a continuation 
of the idea involved in the ram’s horn manifold. 

The advertising manager who seized upon the hot-spot 
and ram’s horn slogan built much better than he knew 
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at the time. Great attention has been given to the hot- 
spot feature; but the question of proper distribution of 
gases after passing the hot-spot has, I feel, been sorely 
neglected. 

Another important factor has been overlooked in this 
battle for efficiency. We are running our engines too cold. 
When one considers the possibility of air cooling, one must 
consider that the normal operating temperatures of such 
motors exceed the operating temperatures of the average 
water-cooled engine by at least one hundred per cent. 

If these things are possible with air cooling, it is also 
possible that a vast improvement can be made in water 
cooled construction. Our compressions, fuel density, etc., 
have been calculated subconsciously with the idea of using 
water as the cooling medium. This has restricted our 
pressure requirements on both compression and explosion 
to that point where the boiling point of water has deter- 
mined practically the maximum obtainable without the ac- 
tual breaking-down of our fuel structure. 

Even though the above statement has been worked out 
in theory, facts indicate this is not the case when looking 
over the field in a broad manner. We are not even utiliz- 
ing the benefits to be obtained by taking advantage of 
the average boiling point of water as a maximum possi- 
bility. Most motors under normal operating conditions 
do not exceed 120° to 140° of heat, whereas the greatest 
benefit for their particular compression ratios would prob- 
ably indicate 190° to 200° of heat would be more desirable, 
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It seems, then, that we have neglected entirely this 
question of maintaining the highest normal operating tem- 
perature to which our engines are designed. Great advan- 
tage can be secured by increasing this temperature to the 
maximum, and through such method of control, by guar- 
anteeing that evaporation will not become a disturbing 
factor; or some means be instituted to prevent evapora- 
tion through the condensation of the cooling medium. 

After the hot-spot has done its work of rupturing the 
tough liquid fuel with which we have to deal to-day, and 
properly designed manifold has introduced this fuel into 
the combustion chamber in such a manner that each cylin- 
der draws an equal part of this mixture, it is necessary 
that this fuel be handled in such a manner in the com- 
bustion chamber that the maximum expansion possibilities 
are obtained from it. 

This can only be so by maintaining piston wall and 
head temperatures of sufficiently high degree that our fuel 
will not recondense on the surfaces of these parts; but will 
rebound, so to speak, from these parts on compression— 
thereby agitating the mass and increasing the speed of 
the combustion. 

Taking the writer’s argument as a whole, it is incum- 
bent on the profession to not become so fully absorbed in 
this question of hot-spotting or conditioning of gases as 
to neglect the proper distribution of such gases after be- 
ing conditioned and the treatment of such gases after be- 
ing distributed. 


C. C. HINKLEY, 
Hinkley Motors Corporation. 
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Necessity for Fuel Economy 


Editor, AUTOMOTIVE INDUSTRIES: 

It is doubtful that there is any one problem that is given 
more thought by the engineers of the industry to-day than 
that of economy and every one of its many phases, the 
principal one of these phases being that of the economy of 
fuel. The motoring public of to-day has had borne upon 
them in the last six to ten months the tremendous neces- 
sity of economy throughout the entire nation, and imme- 
diately brings to the surface the things that have been 
uppermost in the minds of many engineers for some time 
to come. 

I believe the greatest problem that the automotive 
engineers have to face to-day is that of producing an 
automobile or any automotive apparatus that will func- 
tion with the maximum economy of fuel, lubrication, ser- 
vice upkeep and represent a high second hand value. I 
am thoroughly convinced that this demand for economy 
is bringing forward the best efforts of all engineers and 
we will undoubtedly see in the not too distant future 
many changes in the designs of many of our most pop- 
ular automotive vehicle development along the lines of 
particular fuel economy. Much of the engineering work 
that was done during the war, particularly on high duty 
engines for airplanes, tractors and much of the war appa- 
ratus, presented an opportunity to the engineers to make 
some vast strides in cylinder efficiency. This development 
work is being commercialized by the engineers through- 
out the industry and its effect is already being felt. 

In reference to the question as noted in your letter as 
to the advantages and disadvantages of a cast iron cam- 
shaft bearing, where the bearing is simply a drilled hole 
in the crankcase compared with a bushed bearing. It is 
my belief that the bushed bearing is the most satisfac- 
tory type as it presents many advantages in manufac- 
ture, as well as tremendous advantage in service in the 
car owner’s hands. This is something that will have to 
be considered more than it ever has been before. We are, 
however, advocates of the cast iron camshaft bushing. 
We have used successfully on something over 200,000 en- 
gines a cast iron camshaft bushing inserted in the crank- 
case. While it is necessary to be a little more careful 
regarding the hardness at the bearings so as to make 
this bearing smooth, it is without a doubt the most sat- 
isfactory camshaft bearing that could be put into an 
internal combustion engine of multicylinder type. 

A. C. HAMILTON, Chief Engineer, 
Oakland Motor Car Co. 


Economy of Operation Coming 


Editor, AUTOMOTIVE INDUSTRIES: 

It appears to me that economy of operation will be 
the next step in passenger car design, and that the gaso- 
line consumption problem is the biggest item under this 
heading. Eventually economy of fuel may be accom- 
plished by the use of some radically different types of 
motors or other more or less revolutionary changes, but 
there will no doubt be an intermediate step which could 
be made almost immediately. 

In view of modern engineering developments, this step, 
I believe, will be the installation of smaller motors and 
some transmission device permitting the motor to operate 
most of the time at or near its maximum efficiency. There 
may be developed at some time in the future to a prac- 
tical point what we might call an ideal transmission with 
an infinite number of speed ratios and a comparatively 
simple control, but for the present for practical pur- 
poses we are almost limited to a four-speed transmission 
of the ordinary design. 

By using a motor of such size that the maximum speed 
of the car would not be over 45 miles per hour, and by 
the use of a,four-speed transmission it should be pos- 
sible to increase the mileage per gallon of gasoline by 
at least 50 per cent very easily. This fact, of course, 
is well known by automotive engineers, but probably 
not very generally known by the public, and I feel that 
when the public really become acquainted with such 
conditions and when they are ready to make a few prac- 
tical sacrifices for the sake of economy that this step 
will no doubt be taken. 

It should not be a great hardship for the average driver 
to have the maximum speed of his car limited to 45 miles 
per hour, as this is even beyond the legal limit in most 
communities and much greater speed than can be used 
with comfort on the greater part of our roads. 

There should also be very little objection to more fre- 
quent shifting of gears, particularly if the operation 
were made more simple and convenient by the use of 
some of the so-called automatic arrangements that are 
now being developed to a very practical point. 

As a general proposition, the buying public gets what 
it wants, and my opinion is that when it really wants 
economy and is willing to make some very minor con- 
cessions to obtain it, the automobile manufacturers will 
very gladly and can very easily give it to them. 

C. S. PopE, 
Chief Engineer, Elgin Motor Car Corp. 





Some Interesting Comment on Four Wheel Braking 


Disadvantages of Four Wheel Braking 


Editor, AUTOMOTIVE INDUSTRIES: 

Answering your query in regard to the use of four 
wheel brakes on high class American cars, I believe the 
following considerations should be looked into. 

There is a possible limit to the retardation of a motor 
car with respect to the comfort and safety of the pas- 
sengers. It is no uncommon thing with the quick appli- 
cation of the brakes on two wheels only to have passen- 
gers thrown from their seats. It is for this reason that 
in high class passenger cars easy acting brakes are a 
requisite, but even with soft or easy acting brakes it is 
possible in an emergency to retard the car so rapidly 
and so suddenly that passengers not on their guard may 
be given a most uncomfortable feeling, if not actually 
thrown from their seats. 


Therefore, it is a question whether the proper amount 
of braking is not already provided on the standard jobs 
of to-day, providing the brakes are properly designed and 
applied. Placing four wheel brakes on a standard high 
class job would increase the discomfort in driving when 
brakes were used quickly to the limit and many accidents 
to passengers, especially children, would result. 

The advantages claimed can only become advantages 
where cars are operated at excessive speeds or at speeds 
incompatible with the state of the weather or pavement. 
For sporting cars, racing or record breaking cars, the 
advantage of the four wheel brake is without question, 
but in order to demonstrate the advantages a driver im- 
mediately has to drive recklessly and at speeds contrary 
to police regulations and most of the State speed laws. 

In most cases four wheel brakes would be much more 
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difficult to keep in order and adjustment than the present 
two wheel brakes. 

All in all, it seems that the present braking system 
when properly designed and installed is satisfactory. Why 
add to complications for the unnecessary? 

W. R. STRICKLAND, Chief Engineer, 
Peerless Motor Car Co. 





Advantages of Four Wheel Braking 


Editor, AUTOMOTIVE INDUSTRIES: 

Replying to yours of recent date, note your question 
in regard to whether four wheel brakes would be an ad- 
vantage for high grade American cars. 

From the experiments made, I am rather inclined to be- 
lieve that they would be an advantage on any car weighing 
over 2000 lb., provided the front wheel brakes are made 
in some simple way so as to eliminate the complicated 
universal joints which are sometimes used. 

From the experiments made, I find that it is possible 
to stop a car equipped with the four wheel brakes in 
between 50 and 60 per cent of the distance required for 
only the regular two rear wheel brakes. Also skidding 
is very materially minimized by the use sof the front 
wheel brakes, provided brakes are properly equalized. If 
brakes are connected up properly they are a great help 
in descending a steep hill, as it allows one to cool off one 
set while using the other. 

There is, no doubt, some disadvantage in the use of 
front wheel brakes, due to the additional cost and to the 
slight complication necessary and also to the additional 
weight, but I believe that the disadvantages are more 
than offset by the advantages. W. G. WALL, 

National Motor Car & Vehicle Corp. 





Three Is a Crowd in Rear Seat 


Editor, AUTOMOTIVE INDUSTRIES: 

We have had a car fitted with four wheel brakes in 
use for the past six months—while this car enables won- 
derful demonstrations to be given, yet its ability to stop 
in a shorter distance than our car, equipped with rear 
wheel brakes only, is obtained at considerable discomfort 
to the passengers. With only rear wheel brakes prop- 
erly adjusted and the brakes adequate in size to the car 
weight, a car can be stopped as rapidly as is desirable. 

It is wonderful how quickly a car equipped with four 
wheel brakes can be stopped—a car fitted in this man- 
ner can be stopped in less than half the distance of a 
car equipped with rear wheel brakes only. Theoretically, 
this should be impossible, but probably because of the 
load being thrown on the front wheels there is greater 
traction on the front wheels than exists in theory, and 
a car can actually be stopped in less than half the dis- 
tance with four wheel brakes than it can with rear wheel 
brakes only, even though rear wheel brakes are powerful 
enough to lock the wheels. When a car equipped with 
four wheel brakes is stopped in the shortest possible 
distance it is extremely uncomfortable for the passen- 
gers, and, unless they have something to hold on to, 
they will be thrown out of the seats very violently. Of 
course, having four wheel brakes does not necessitate 
violent application of the brakes, and the advantage 
then is that a car can be brought to a stop in the usual 
distance with much less effort on the part of the driver; 
this is not of very much consequence, as most cars are 
equipped with brakes that are large enough that they 
will almost lock the wheels without any excessive effort 
on the part of the driver. It is always desirable to stop 
short of locking the wheels. 
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Another advantage that probably is possessed by four 
wheel brakes is the life of the brake lining and the length 
of time that one can run without necessitating readjust- 
ing the brakes. If a car is stopped in the usual distance 
and having double the number of brake drums will, no 
doubt, double the life of the brakes. This is, of course, 
desirable, but as to whether this is necessary will depend 
upon the amount of trouble this gives on a given car. 

One other claim is made for four wheel brakes, and 
that is that a car is not so likely to skid when the brakes 
are applied on wet pavements. In some cases this is 
certainly true, in others the driver sometimes loses his 
control over the front wheels with four wheel brakes, 
and we have seen cases where cars have swerved very 
objectionably to the side of the road. 

Most four wheel brakes that have come to the writer’s 
attention have been very complicated; in many cases 
the front springs and front steering pivot axles are 
unduly stressed. It would appear that these parts should 
be made much heavier than usual when front wheel 
brakes are applied. 


Body Design 


There is another matter in which I believe you could 
be of much use to the automobile industry by having 
a discussion in your journal, and that is by advocating 
that no passenger car should be designed to carry more 
than two full-grown people on the rear seat. There has 
been a great demand by the automobile buying public 
for years for a very wide rear seat that will be quite 
comfortable for three grown-up people with overcoats 
and robes. This could be accomplished in the old days, 
when the chassis was very high from the ground and 
the body and seats also very high; then the passengers 
could be accommodated in regard to width by a cushion 
being carried out sideways over the rear wheel housing, 
but in the present-day cars, where the chassis and bodies 
are low, the rear seat must come in between the rear 
wheel housing, and it is utterly impossible to give com- 
fort for three people if the standard tread of 56% in. 
is adhered to. 

We firmly believe that the tread should neither be 
under nor over the standard because of having to so 
frequently run in ruts; this, therefore, being limited, 
and the cross section of modern tires being much larger 
than in the past, makes it quite impossible to obtain a 
width of rear seat that is adequate for three full-grown 
people. Provision must always be made for the use 
of tire chains, and ample clearance must be allowed 
between the sides of the wheel housing and the wheel 
to accommodate side sway of the body, and this, when 
properly taken care of, gives a rear seat adequate for 
about two and a half people. It makes a much better 
proportioned car when the width is kept down to accom- 
modate two people in the rear seat, and the spring sus- 
pension is a much easier problem. 

It is a very rare thing to see a seven-passenger car 
on the road with seven people in it, and if the springs 
are adequate to take care of three full-grown people 
on the rear seat, they will give hard riding when only 
one or two passengers ride on the rear seat. 

It will be quite a boon to the body designer, chassis 
engineer and the makers of springs if cars of two, four 
or six passengers were the limit, no seat being made 
wider than to take care of two grown-up people. If the 
above facts were brought forcibly before the buying 
public there might be less demand for wider rear seats 
than can at present be provided for. 

D. FERGUSSON, 
Chief Engineer, Pierce-Arrow Motor Car Co. 
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Weak Elements of Present Tractor Design 


Lugs on Wheel Type Tractors 


Editor, AUTOMOTIVE INDUSTRIES: 

“What do you consider the weakest element in wheel 
type tractor design to-day, and what suggestions have 
you for remedying it?” 

Hubs, spokes, bearings and, to a certain extent, the 
rims have received considerable attention in tractors, 
but it can hardly be said that lugs have had the serious 
attention they must have before we can call them an 
engineering solution. 

Practically all lugs have been made up to use cheap 
commercial structural shapes; the methods of attaching 
and detaching are in need of more study to produce quiet 
and simple operation and removal. Interchangeable 
wheels with sets of various type lugs is one solution. 
On the whole, however, the real question is “A series of 
correct lugs to meet variable conditions of road and 
field, designed in such a manner as to use to the fullest 
extent a minimum tractor weight along with the mini- 
mum of energy and disturbance of soil, secure the maxi- 
mum sensible area of soil contact and still keep within 
the shear value of the soil.” 

A reasonable possible slippage should be incorporated 
in the design at or near the point of maximum drawbar 
pull on low gear, for the reason that we need a safety 
slip for the energy when plows strike obstructions which 
might be considered irresistible. 

It would seem that a real research series is necessary 
to cover the various problems of lug and wheel action. 
We should know some of the following relations: 

1. Bearing areas and pressure distribution of round 
wheel and caterpillar type treads, standing still and in 
translation. © 

2. The proper theoretical form of lug for various gen- 
eral groups of soils to give us the best possible hold on 
the ground in translation, covering also various soil 
moisture contents within the range of practical plowing. 

3. The relation between weight of tractor and lug 
penetration of various forms. 

4. Friction relation of flat steel tires, weight on axle, 
wheel diameter of face on various soils, covering various 
moisture content within practical tractor operating con- 
ditions. 

5. Soil friction or shear values between flat areas of 
typical soils. 

When we have these relations, and doubtless some 
others, we shall have gone a long way toward reducing 
rolling friction and making a tractor more generally 
efficient. 

_Another series of problems relates to gear tooth de- 
Sign and efficiencies. We should answer this question: 
“What form of gear tooth will give us the longest life 
with a minimum of variation in the transmission of 
uniform angular velocity ?” 

We are all aware that new gears, well run in and under 
sensible load, have very high efficiencies, but this is 
only during the period that the tooth form and align- 
ment is theoretically correct to transmit uniform angular 
velocity. As soon as wear takes place in the tooth or 
bearings, the form changes rapidly above and below the 
pitch line because of the combination of sliding and 
rolling contact, so that it seems very desirable to investi- 
gate these features of design more thoroughly. 

There is little use of our reducing by extreme energy 
and careful and expensive design the fuel consumption 
by the 1/100 part of a pound of a given engine, and then 





throw it away in quantities of horsepower in the trans- 
mission wear and tear and translation losses. In other 
words, let us reduce the tremendous losses between the 
engine shaft and the drawbar by a detailed study of 
each intermediate group of frictional losses. 
O. B. ZIMMERMAN, 
International Harvester Co. 





Tractor Adaptability to Field Conditions 


Editor, AUTOMOTIVE INDUSTRIES: 

If clarifying views on the one weakest element in wheel 
type tractor design to-day were wanted, I should choose 
to express myself on lack of adaptability to general field 
conditions. Much has been written and said about the 
lack of standardization or uniformity in tractor design 
and is almost always compared to the nice uniformity and 
standardization obtaining in trucks and automobiles at 
this time. According to the automotive engineer whose 
field has been limited to road vehicles, his prosaic contem- 
porary in the tractor industry has been playing too much 
with the sand man. Altogether too frequently the ve- 
hicle engineer bursts forth in print and in production 
with a solution (?) of the whole tractor problem. 

Let me point out here that the problems to be met by 
the tractor designer are fundamentally different and more 
complex than those to be met by the vehicle designer. The 
tractor designer has a multitude of conditions to meet, 
each one of which may call for a different basic design 
for his tractor if he is to meet them each with a separate 
type of machine, and here is where the vehicle engineer 
falls down in principle and creates one more type to be 
added to the already large number of existing types of 
tractors. 

To me the greatest weakness in the present tractor de- 
sign and the greatest problem to be met lies in the neces- 
sity for a machine which will meet the greatest number 
of conditions. Here the field for mechanical ingenuity is 
practically unlimited. No single-idea designer will suc- 
ceed here. A designer must be conscious of all the con- 
ditions to be met, and in order to succeed must exercise 
rare and impartial judgment. The development of any 
industry is always based more or less upon precedent fol- 
lowed by evolution. 

In the early days of tractor development precedent of 
the heavy steam tractor was followed and unfortunately 
for the industry is still followed by some large companies. 

During the last few years, however, since it has been 
learned that suitable weight distribution, wheel area and 
lug equipment will give a tractor a drawbar pull equal to 
its own weight, there has been a substantial tendency 
toward something like a uniform type of tractor. Tractor 
design, however, will never reach such uniformity as is 
possible in vehicles. : 

The tractor of to-day has been accepted as a success 
in the fairer fields, but we still have millions of acres 
upon which the average type of tractor cannot be called 
a “howling success.” The broad plains of our country 
have naturally been the ones where tractors were first 
successful, but as developments go on we always come 
up against conditions not exactly suited to the prairie 
type, and due to meeting conditions in the rice fields, sand 
dunes, swamp lands, hillsides and woods we are continu- 
ally working toward the more adaptable machine. 

The solution of the problem of making a tractor more 
adaptable to the varying conditions lies in, first, light 
weight, for light weight is desirable in all the conditions; 
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second, weight distribution in order to make available at 
the drive wheels all the power of the engine, and third, 
general maneuvering ability which will make possible the 
successful operation of the tractor on hillsides, in 
orchards, in sandy land, in peat bog and in the harder 
gumbo and clay fields. Yours very truly, 
R. O. HENDRICKSON, 
Vice-President, J. I. Case Plow Works Co. 





Traction Rating Variation Causes 
Injustice 


Editor, AUTOMOTIVE INDUSTRIES: 

The lack of proper lug equipment for tractor wheels 
is a decided weakness. For proper lug equipment I 
would consider a lug that worked fairly satisfactorily 
under a great variety of conditions which would avoid 
the necessity of changing the lugs with a change of soil 
conditions. 

Another matter which seems to require attention is 
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that of weight distribution, especially as it affects the 
slippage and guiding of the tractor. In our tests last 
season it was noticed that the slippage in tractors of 
different types, with exactly the same weight distribu- 
tion and under practically the same conditions, varied 
materially. This would indicate that possibly there are 
ether elements than the distribution of weight that 
affects the slippage. The guiding of the tractor is gov- 
erned almost entirely by proper weight distribution, and 
in order to carry out effective guiding it is important 
that this matter should be given proper attention. 

If I may add a word of what is considered the weakest 
element of tractor design to-day, I would say it is the 
wide variation of tractor rating. In our tests last year 
of 65 tractors we found that the ratings varied from 
20 per cent below to 50 per cent above the actual maxi- 
mum horsepower on the belt. This is too great a varia- 
tion and works an injustice to all manufacturers. 

OscaR W. SJOGREN, 
Chairman of Department of Agricultural 
Engineering, University of Nebraska. 





Increasing Battery Life and Satisfaction 


Factors of Original Battery Installation 


Editor, AUTOMOTIVE INDUSTRIES: 

In the earlier days of the automobile, there were two 
elements of the car which competed for the dubious honor 
of being the shortest lived, viz., the tires and storage bat- 
tery. Both the tire manufacturers and the storage bat- 
tery concerns have made wonderful improvements in 
their construction, so that now it is possible to obtain at 
least two or three seasons’ use out of both tires and stor- 
age batteries. 

Unfortunately, the battery problem is much more com- 
plicated than the tire problem, because the average driver 
carries spare tire equipment, and, even if he should not, 
it is possible, at the expense of small annoyance, to remove 
a flat tire and drive on the rim to the nearest small town 
or country garage, where he will usually find ample equip- 
ment to get him out of his trouble with very little delay. 
Should his battery fail, however, at a critical time, it may 
be impossible even to get the car started, and, on account 
of the almost universally adopted practice of storing the 
battery away in an invisible and sometimes inaccessible 
location, the owner is tempted to forget completely the 
very existence of his battery until such time as it ceases to 
function. 

As previously stated, it is possible, by taking advantage 
of the latest improvements in battery design, to obtain 
several years’ satisfactory service, but, on account of the 
very fact that a storage battery is tucked away out of 
sight, it has been the subject of what someone has called 
“Purchasing Department Engineering.” Batteries have 
frequently been selected more on the basis of their first 
cost than that of the “most miles per dollar,” which one 
of the tire companies has adopted as a slogan. 

To show what this means to the owner, it might be well 
to take a typical example of two batteries submitted for 
a given installation. One might have a normal life of, say 
nine months, and cost the car manufacturer a certain 
basic price which we will arbitrarily say is $20. Another 
battery can be purchased for, say, $30, which would have 
a life of at least three years. 

Now, let us see what happens in the first case. The 
owner purchasing the car with the lower-priced battery 
gets satisfactory service for the nine months, at the end 
of which time he must buy a new battery, for which he 


pays, not the same price as the car manufacturer, but a 
retail price which would be (in proportion, probably) $40. 
If he gets nine months’ service out of this battery and re- 
peats the operation, at the end of the three years he would 
have expended $120 for storage batteries, and be in ex- 
actly the same place as the owner of the other battery, 
who has so far not had to make any expenditure at all. 
Of course, you might say that at the end of his first period 
he might have bought a higher priced battery, and, from 
then on, had long life and satisfactory battery service; 
but the tendency is, as a rule, to install a battery of char- 
acteristics equivalent to the one originally used. 

It is readily apparent from the above that the car manu- 
facturer in saving $10 on the first cost of the car has 
placed the user under an expenditure of many times this 
sum. 

In all justice, it must be admitted that the storage bat- 
tery manufacturers themselves are to a certain extent re- 
sponsible for this condition, because they have permitted, 
and in some cases advocated, the use of batteries with 
very thin plates and separators which showed very su- 
perior performance and characteristics on bench tests, but 
which, in order to meet these very tests, had to have the 
element of durability sacrificed. 

Three requirements which most purchasing agents and 
some engineers have set up as a mark to shoot at are the 
three words, “small,” “light” and “cheap,” and the ele- 
ment of service has not been given its proper consideration. 
There are notable and gratifying exceptions to the prac- 
tice, however, as I have in mind a certain car which car- 
ried complete electrical equipment in the year 1912, and 
on which (at the latest calculations) at least 30 per cent 
of the original batteries are still in service. 

The location of the battery is of great importance; 
probably the best place ever found is on the running 
board, or in the space between the running board and 
frames so that it is in plain sight and easily accessible. 
But, on account of the universally desired clean running 
boards, the battery has been shifted to various locations in 
the body or chassis—some of them fairly satisfactory, but 
more often extremely unfavorable. 

I have seen a battery located right alongside a hot ex- 
haust pipe, under the floor boards, where it was necessary 
to use a screwdriver to take screws out of floor boards to 
get at the battery. The location alone was responsible 
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for considerable evaporation due to heat, and the irksome 
job of getting at the battery made the addition of distilled 
water, when required, a very rare occurrence, with the re- 
sult that this installation gave very unsatisfactory serv- 
ice to say the least. 

Another case of a two-door sedan—the battery was lo- 
cated on the chassis under the front floor boards, and 
only a human snake could get at it. The result, of course, 
was that it got attention only when something failed to 
work. The production engineer at the motor car plant 
wanted a battery installation, which was the same for all 
types of bodies, and gave but casual thought to battery ac- 
cessibility. 

However, as this whole proposition gets to be better un- 
derstood, and the vital importance of a satisfactory stor- 
age battery to the service which the car can give becomes 
better understood, I believe there will be such co-operation 
between the manufacturers of storage batteries, electrical 
equipment and motor cars in the way of original specifica- 
tions, battery location, both as regards accessibility and 
freedom from engine and exhaust line heat, road dirt, 
etc., that we can expect wonderful improvement in the 
general all-around service of this much abused piece of 
apparatus, 

W. A. CHRYST, 
Chief Engineer, 
Dayton Engineering Laboratories Co. 





Battery Satisfaction 


Editor, AUTOMOTIVE INDUSTRIES: 

We suggest the following in answer to the question, 
“What should car manufacturers do to render storage bat- 
tery installations more satisfactory and to increase bat- 
tery life?” 

1. Location of the battery where it is easily accessible. 

2. Battery should be placed in a container which will 
keep out all dust and moisture. 

3. Battery compartment to be large enough to block 
the battery in with corner blocks and also have hold-down 


rods which can be easily removed when it is necessary to 
take the battery out of the compartment. 

4. Battery leads should have enough slack in the cables 
to prevent any pull on the battery post which would cause 
the post to break. 

5. All battery terminals should be thoroughly tightened 
with bolts and nuts and then covered with vaseline or 
some suitable grease to prevent the acid spray from caus- 
ing corrosion. 

6. Sufficient clearance should be allowed in all battery 
compartments to permit any standard make of battery 
to be used as a replacement on an automobile. This is 
especially true where a battery with an increase in height 
may be purchased by a car owner if he desires to use a 
battery of increased capacity over the one furnished him 
by the car manufacturer. 

7. In the location of the battery, allowance should be 
made for the battery to use a type which is mechanically 
the best that can be built. The end to end assembly of the 
battery makes a very long case and very often necessitates 
the use of bolts to hold the sides of the battery box to- 
gether. 

8. Car manufacturer should see that a battery that is 
placed on a car has not been allowed to stand around in 
stock for any length of time. The car owner should be per- 
mitted to receive as new a battery as possible. 

A very desirable method of doing this is to purchase a 
bone dry battery from the battery manufacturer and keep 
this in stock up until the time it is necessary to place it 
on the car, or better, ship the same bone dry battery with 
the car to the car owner. ' 

9. The car owner should be given all the information 
in regard to the care of the battery and instructed to reg- 
ister his battery immediately at a battery service station. 

It would be very desirable if the car manufacturer 
would keep a record of some kind which would give the 
serial number of the battery which is shipped on a car 
with his own car serial number. This would lead to better 
cooperation between the battery manufacturer and the 
car manufacturer and would result in more satisfaction to 
the car owner. WILLARD STORAGE BATTERY Co. 





Engineering Problems 


Increased Compression Ratios 


Editor, AUTOMOTIVE INDUSTRIES: 

In reply to your letter of April 28, I consider you made 
a good guess in suggesting that I write about “increased 
compression ratios.” My views on this subject sum up 
as follows: 

(a) The degree of compression used in present day 
automotive engines is the principal deciding factor in the 
power output and fuel consumption of an engine of given 
speed ; 

(b) At the present time, the nature of our fuel is the 
largest deciding factor on the degree of compression 
which can be used; 

(c) Given a fuel which will make possible the use of 
compression ratios of 6 or 7 to 1, we are certain of great 
gain in power and economy in all types of automotive 
engines; 

(d) I believe the. use of such high compressions with 
fuel giving no detonation or preignition, will not be ma- 
terially harder on existing engines than the use of pres- 
ent compression ratios with present fuel, in spite of the 
fact that a much higher b. m. e. p. will be maintained; 

(e) There is now much waste of fuel due to running 
automotive engines with “rich” mixture mainly for the 
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purpose of reducing detonation, although few people have 
thought of it in that way; 

(f) We must make non-detonating fuel universally 
available as soon as possible, for then only can we use 
high compression pistons in our engines and feel that we 
are running somewhere near as economically as we know 
how to, and begin to think of our old enemy carbon and 
his exciting influence on detonation, as a friend and an 
insulator conserving our dearly bought fuel; 

(g) By the proper use of available benzol supplies, a 
large percentage of our present automotive engines could 
be run on fuel better suited to their present compression 
ratios but, unfortunately, where benzol is used, it is fre- 
quently used in proportions of from 50 to 100 per cent, 
whereas from 20 to 30 per cent is all that is really needed 
with present compressions; to permit the use of much 
higher compressions, the General Motors Corporation has 
made wonderful strides in finding compounds which, 
when added to fuel in exceedingly small percentages, make 
them satisfactory for use in engines of even 71 compres- 
sion ratio. 

In addition to the foregoing, I believe the most impor- 
tant automotive problems are: all-metal, internally braced 
aircraft; carbureters giving “leaner” mixtures through 
the throttle range, and air-cooled engines. 
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In the all-metal airplane, I see a type which will require 
less maintenance and will last longer, therefore, presum- 
ably, making it cheaper, and I know of much good work 
progressing along this line. 

Referring to air-cooled engines, I believe that much 
could be accomplished by the use of composite cylinders 
using thick sections of aluminum to cool the combustion 
chamber and valves; this is based on my experiments at 
McCook Field with large bore, high compression aviation 
engine cylinders. 

Regarding the carbureters, we have found by experi- 
ment that many existing carbureters fall far short of giv- 
ing desirable air fuel ratios at certain throttled positions, 
and it has been found that this can be largely overcome, 
at least in aircraft use, by modifying the types. 

GEO. E. A. HALLETT, 
Captain, Air Service, Engineering Division, 
McCook Field. 





Recent Developments in Aluminum 
Pistons 


Editor, AUTOMOTIVE INDUSTRIES: 

During the past year the aluminum piston has under- 
gone a great development. The advantages due to the 
light weight and high heat conductivity of aluminum 
have long been realized, and aluminum pistons have been 
used with considerable success by many manufacturers. 
The casting in permanent molds, the development of a 
suitable alloy, the heat treatment of the castings are all 
developments of aluminum pistons of several years’ stand- 
ing. The one objectionable feature which has at times 
made trouble in the operation of aluminum pistons has 
been the fact that it was necessary to run them with a 
greater clearance than was the case with the cast iron 
piston. This was due to the greater coefficient of expan- 
sion of aluminum as compared with cast iron. In order 
to insure the best operation of an aluminum piston it is 
necessary that the skirt be fitted with as close a clearance 
as possible. The clearance of the ring lands makes very 


little difference as long as it is sufficient to prevent them 
from touching the walls of the cylinder. 
Recent experiments have proven that the temperature 
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of an aluminum piston skirt is not high enough to account 
for the amount of clearance which it has been necessary 
to give these pistons in the past. The head temperature, 
on the other hand, is much higher than that of the skirt. 
The expansion of the skirt may be divided into two parts: 
(1) the thermal expansion, that is, the increase in size 
due to the increase in temperature of the skirt; (2) the 
mechanical expansion due to the thermal expansion of the 
head, that is, the head being so much hotter than the 
skirt expands more, and this sets up a sufficient force to 
pull the skirt with it. It would be ideal to entirely sep- 
arate the head from the skirt. Since this is not possible 
the next best thing to do is to separate the head from the 
skirt on the thrust faces only, and take care of the expan- 
sion in the-direction of the pin by making use of a verti- 
cal slot or by relieving the piston on the side. Both have 
been successful. Fig. 1 shows a design embodying the 
vertical slot. When a vertical slot is used it must be 
placed on the low thrust side. Fig. 2 shows a piston in 
which only the head is separated from the skirt on the 
thrust faces and the expansion in the direction of the pin 
is made harmless by a relief. Fig. 3 operates in a similar 
manner to the piston shown in Fig. 2, but is not relieved 
to the same extent as the former. 
The extra clearance in the direction 





of the pin is obtained by grinding 





the piston oval, the shorter diameter 











being in a line with the pin. 














Piston Clearances 


All troubles of which aluminum 
pistons have been accused can be 
laid to the clearance. As explained 
above, this has been taken care of in 
the design of the piston. The curve 
of Fig. 4 is of interest, since it shows 
both the new clearance and that 
























































formerly required by aluminum pis- 
tons. The new clearance, which is 
the one to be used for all new de- 
signs, is 0.001 in. per in. diameter. 


Oil Pumping 


Experience has taught us that in 
order to eliminate oil pumping it is 
necessary that the relief on the pis- 
ton pin side of the piston be either 
very generous and provided with a 
large outlet, or that the fit be made 
fairly close, just enough so the pis- 
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ton will not stick on these sides. Figs. 1 and 2 are 
examples of the large clearance on the sides, while 
Fig. 3 is an example of the latter type. The 
theory of this seems to be merely this: That we must 
either allow space for the oil so small that if all the oil 
passed into the combustion chamber it would be harmless 
or we must make it large enough so that the weight of 
the volume of oil will be greater than the capillary action 
and the oil will drain back into the crankcase rather than 
work its way up into the combustion chamber. It is very 
difficult, if not impossible, to draw a line between a clear- 
ance that is just large enough and one that is just too 
large. This can be determined only by experiment. 

The slots separating the head from the thrust faces, 
besides making harmless the head expansion, must also 
function as a drain for the oil. As regards the former 
function the width of the slot is immaterial, but in order 
that it may act as an oil drain it is necessary that the 
slot be made of considerable width. 


Wear 


Piston wear is largely a function of piston material and 
of piston and cylinder finish. Aluminum pistons cast in 
permanent molds wear better than sand cast ones. If both 
the cylinder and piston have a smooth finish and the lubri- 
cation is ample, wear will be negligible. Of the several 
ways of finishing pistons and cylinders, grinding seems to 
be the best one. 

FERDINAND JEHLE, Engineer, 
Aluminum Manufacturers, Inc. 





Use of Hollow Section Parts 


Editor, AUTOMOTIVE INDUSTRIES: 

There are many questions involved in the use of hol- 
low section parts in an automobile, and each should be 
considered very carefully before proceeding to the gen- 
eral use of such a design. 

The drilling of a hole in the center of a camshaft 
cannot be objected to from the standpoint of weakening 
the part unless the hole is extremely large or not ma- 
chined accurately. In the writer’s experience the use 
of such a hole has been more as an oil carrier than as 
a means of lightening the shaft. Rigidity is an important 
item in a camshaft, and it is also an advantage to have 
a camshaft as large as possible. The saving of weight 
is, of course, an item if the camshaft is extremely large, 
but the average shaft is of such a size that the drilled 
hole does not remove enough weight to make this a seri- 
ous argument in favor of the drilled camshaft. 

The drilled crankshaft presents several problems 
which should be considered very carefully. The elimina- 
tion of weight in a rotating part, such as a crankshaft, 
is undoubtedly an advantage under most every condition. 
It is, however, extremely important that such drilled 
holes be accurately machined and as nearly concentric 
as possible with the finished bearings or crankpins, as 
an out of center condition will weaken the shaft at 
various points and may lead to considerable trouble 
if not watched carefully. Here, again, careful study 
must be made of the drilling of the crankshaft in such 
a way that the rotating weight will be removed and still 
not weaken the shaft to such an extent that vibration 
might result. To illustrate, the drilling of a large hole 
through the center of the shaft through all the main 
bearings might make that shaft subject to extreme twist- 
ing under stress, where the drilling of the same hole 
in the crankpin would weaken the shaft comparatively 
little and at the same time remove the weight desired. 
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There is perhaps a best combination of crankshaft 
strength and reciprocating weights, and this should be 
determined, if possible, by careful experiment. 

The use of tubing for propeller shafts is beyond any 
question a very good practice, and especially is this true 
due to the general use of seamless steel tubing which, 
of course, is accurately made as to the thickness. The 
elimination of weight in this part is further very advan- 
tageous, as it eliminates the whipping to a large degree. 

The writer questions the advisability of using hollow 
axle shafts for the simple reason that the only apparent 
reason for such design is the elimination of weight. In 
order to make use of a hollow shaft, the shaft itself 
must be larger in order to obtain the strength desired, 
and the consequent larger bearings and the larger bear- 
ing retainers will more than balance the weight saved 
in the shaft itself. Furthermore, it is not possible to 
save any weight by drilling an axle shaft, excepting in 
the full-floating or semi-floating type of axle, where the 
outer end is large enough to allow the drilling of a hole 
in the center of the shaft. 

; G. L. McCAIN, 
Chief Engineer, Saxon Motor Car Corp. 





‘Aircraft Engineering Ahead of Business 


Phases 


Editor, AUTOMOTIVE INDUSTRIES: 

Aircraft engineering is well ahead of the business of 
transportation by air. Apart from fighting machines, 
the engineer, be he plane or motor man, can only guess 
at the requirements. Of course, the greatest handicap 
to the extension of the use of airplanes is the necessity 
for extensive landing facilities. If, without sacrificing 
existing qualities, it were possible to produce machines 
which would rise and alight vertically or at an angle of 
45 degrees, the use of aircraft would receive the greatest 
imaginable stimulus. 

Because the landing difficulties are greatly increased, 
the writer is inclined to believe that the development 
of very large airplanes is premature. Ships cannot be 
built bigger than the available docking facilities. Air- 
craft of the present day are amply safe and are easy 
enough to fly, but on and near the ground they are still 
awkward, and such danger as is run in their use is 
almost wholly due to their poor maneuverability when 
in confined quarters. Of course, a machine which will 
move vertically or almost vertically has long been an 
inventor’s dream. The writer believes that enormous 
improvements in engine and plane construction of the 
past few years have made the realization of this dream 
entirely possible. 

A. LUDLOW CLAYDEN. 





Cast Iron for Camshaft Bearings 


Editor, AUTOMOTIVE INDUSTRIES: 

Answering your communication of April 28 requesting 
opinion on current engineering problems, there are many 
which at this time are worthy of serious consideration. I 
will, however, confine my discussion to the question of 
cast iron camshaft bearings. 

Cast iron as a material for camshaft bearings is un- 
questionably satisfactory. The relative merits of the 
bearing within the crankcase itself, as compared with a 
separate bushing, can only be logically discussed from the 
standpoint of service. There are no particular difficu'ties 
with the integral bearing with the possible exception that 
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adequate oil ways for the distribution of oil, particularly 
with splash feed, cannot be readily put in, and this may 
lead to a small percentage of scrappage as a result of the 
bearing seizing if the fits are not well maintained. 
Considered from the viewpoint of service, it is, to my 
mind, necessary to provide replaceable bearings in any 
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wearing part of the engine. This though we have carried 
to the extreme in the new designs of truck motors which 
we are now building, service and ease of replacement being 
of paramount importance. A. A. BULL, 
Chief Engineer, Northway Motor & Mfg. Co., 
Divn. General Motors Corp. 





The Engineering Side 
Thoroughly Interested Workers 


Editor, AUTOMOTIVE INDUSTRIES: 

I have been very much interested for a good many 
months back in the series of articles contributed by Mr. 
Tipper on factory human relationship, management, etc., 
and feel that if these articles are read and thoughtfully 
assimilated, they cannot help but be beneficial to the 
manufacturing establishments of America. 

Peak production is what all manufacturers are after, and 
to my mind one of the most important principles to be 
sought in securing it is the securing of active harmony 
and contentment in the plant. 

Peak production can, of course, be obtained in several 
ways, one of these being the adoption of driving and pos- 
sibly coercive tactics on the part of the Chief and sub-ex- 
ecutives. Providing the chief and sub-executives have, col- 
lectively, enough mental power to more than offset the col- 
lective mentality of all the workmen, peak production can 
without a doubt be attained and kept up, just so long as 
the mental ability of the chief executive and subordinates 
keeps above the collective mentality of the entire lot of 
workmen. 

The average workman, however, who works with his 
hands is just as much of a human being as the bulk of 
the executives, and if “the big club,” or other coercive tac- 
tics are used, the workmen generally resent it and are 
continuously endeavoring to figure out some way of out- 
witting the bosses. If, on the other hand, the workmen 
can be convinced primarily of the absolute fairness of the 
executives and can be brought to the attitude of working 
with the bosses, instead of for them, it generally happens 
that the mental effort which the workmen have been put- 
ting into ways, means and methods of beating the execu- 
tives to it, will be put in on ways, means and methods of 
increasing their productivity, with the result that peak 
production is secured through the combined willing effort 
of both the executives and the workmen. 

There is no question, I believe, in anybody’s mind but 
what the cumulative effort of a big mass of humanity, 
working absolutely together, is far better and more pro- 
ductive than the cumulative effort of one relatively small 
mass and another one relatively large, engaged in a tug 
of war. 

I have visited, during the past fifteen or twenty years, a 
great many of the manufacturing plants and have a good 
many times run across some of the higher class workmen 
on the train, or in other places, who have sometimes been 
exceedingly free in expressing their opinion or opinions, 
regarding certain manufacturers, some opinions being 
very complimentary and others and for other manufactur- 
ers, being very much the opposite of complimentary. 
Without doubt some of the non-complimentary things 
said were not founded on actualities, but were due to a 
distorted vision or opinion, engendered by a virtual phy- 
sical collapse due to the high pressure and long hour re- 
quirements of their particular manufacturing institution. 

There is a limit to the number of hours during which 
a workman can put out the best that is in him. He will 
work longer hours, with less fatigue, if he is thoroughly 
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interested, contented and satisfied, than he can if he is 
not. On the other hand, no matter how well interested, 
contented and satisfied he is, there are physical limitations 
to be taken into consideration, and from my own knowl- 
edge, based on experience, it would seem that somewhere 
between nine and nine and a half hours is the limit that 
the average contented individual can put in and at the 
same time give the best there is in him. 
J. W. DECON, 
General Manager, 
Fairfield Manufacturing Co. 





Men and Systems 


Editor, AUTOMOTIVE INDUSTRIES: 

I have read a number of Mr. Tipper’s articles and have 
found them very stimulating and full of suggestions. 

Mr. Tipper has evidently made a comprehensive study 
of the questions involved in manufacturing relations, and 
writes forcibly, clearly and intelligently concerning these 
problems. I have no doubt that, directly and indirectly, 
they have had a large influence in directing and moulding 
opinion. 

The most important problem in all manufacturing and 
commercial relations is the human problem. System is 
necessary to efficiency, and, other things being equal, the 
business which is run on a well-thought-out plan will un- 
doubtedly be most efficient; but no system, however effi- 
cient, will avail unless it is worked by men who are both 
capable and loyal; so that the question of most importance 
in any organization is the quality of its man-power. This 
applies all along the line, from the chief executive down 
to the least skilled employee. 

Better industrial relations will be the result of better 
human relations. A part of the service rendered by Mr. 
Tipper has helped to make the above fact clear and has no 
doubt resulted in quickening and directing thought along 
this line. 

C. H. LIPPINCOTT, 
Manager, Co-operative Department, 
Studebaker Corporation. 





Following Leaders 


Editor, AUTOMOTIVE INDUSTRIES: 

Will you permit me a little space to express my highly 
favorable opinion of the articles of Mr. Tipper. Although 
I am not in the business, I have noted them for a consider- 
able period and they seemed to me to invariably contain 
suggestions which have the ring of good common sense. 

The situation which has developed between capital and 
labor is a thoroughly unnatural one. The contest, not 


necessarily acrimonious but preferably friendly, should 
have been between the several organizations making up a 
business, each unit of which would have been made up 
necessarily of component parts of capital and labor. 

The vast majority of men seek for heroes and for lead- 
ers, and far from being hostile or jealous they are enthusi- 
astic and ready to follow beyond reason and to accept less 
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than their due share in an enterprise in which all are con- 
cerned. 

The attitude of organized labor to-day is the fruit of 
many years of a selfish and provocative attitude on the 
part of capital. 

It would seem almost axiomatic that any organization 
whose employees from the lowest to the highest felt loyal 
to it, and a personal pride in its success must have the 
advantage over similar bodies whose employees regarded 
it as an alien and at times a hostile body. In such an 
organization there would not be the constant change of 
personnel and the consequent waste, and the concern would 
have the advantage of all the invention of which its em- 
ployees might be capable. 

To arrive at this result would seem to require no specially 
complicated process. Fair wages based on the ability to 
pay, a willingness on the part of those in control to make 
clear to their employees the justice of the wage scale and 
also the desire of the management to have the advice and 
suggestions of everyone connected with the business on 
all points where it could be helpful, an evident interest on 
the part of the management to secure the maximum well- 
being of all concerned, which would include a friendly set- 
tlement of the number of hours of labor, which might 
and probably would be different in different departments, 
on the theory that what produced the best results finan- 
cially without undue fatigue was to the common interest 
of all, and perhaps, as much as anything else, an insistence 
by the management on that courtesy to everyone em- 
ployed which recognizes the dignity of his fellow man. 


There would seem to be no reason, at least with Ameri- 
can workmen, why such a program should not eventually 
produce a working force heartily pledged to the success 
of the organization and with a feeling of loyalty to it 
which would carry it through lean years as well as years 
of success. 

The presence in trade unions of a large number of 
workmen connected with organizations so managed would 
have a wide effect on the character of the union and an 
increasing number of organizations following such a pro- 
gram would force into line others who would find them- 
selves unable otherwise to successfully compete. 

There is nothing Utopian about the foregoing. The suc- 
cess of business in the United States as compared with 
some other countries is based on the ability of its business 
men to pull together and to repose confidence in each other 
in common enterprises, and there is no reason why an ex- 
tension of the same admirable policy should not produce 
equal if not greater results when the executive heads of 
business and manufacturing enterprises make common 
cause with their workmen. 

The automobile industry seems to be one of such great 
size that any attitude toward the labor problem which was 
taken up by it would have great influence in all lines of in- 
dustry, particularly if it proved to be advantageous. The 
large majority of its employees are men of intelligence and 
more or less skill and might therefore be expected to re- 
spond more readily to a change of attitude as above sug- 
gested. 


CHARLES E. MANIERRE. 





Weight Factor in Truck Performance 


Editor, AUTOMOTIVE INDUSTRIES: 

It seems evident to me that the attainment of a sub- 
stantial reduction in weight along with a sustained per- 
formance, that is reasonably good, constitutes the next 
logical step in design necessary to create economy and 
satisfaction in the hands of the user. 

In its present stage the motor truck of two-ton capacity 
and under is, or has been, designed to meet solid tire re- 
quirements with relatively low speeds and the variation 
in weights of trucks of a given capacity are as high as 50 
per cent. It is certainly very plain that an owner of an 
extremely heavy one and one-half ton truck cannot expect 
the mileage from his fuel and tires that can be had by an 
owner of a truck weighing 50 per cent less and having the 
same capacity. The problem then resolves itself into one 
of making the light truck maintain its initial perform- 
ance and to stand up against abuse. Quite contrary to 
opinions occasionally rendered, it has been my experience 
that the advantage in this respect does not always lie with 
the heavy vehicle, especially not where a rather high »per- 
ating speed is required. In this respect the element of 
flexibility in the general design seems to contribute much 
toward preventing fracture, whereas a design supposedly 
rigid is only relatively so and quite often center strains 
at a weak point and where safe stresses are exceeded. 

In making a saving in’weight, a sort of compound ad- 
vantage is gained in that a lighter truck requires less 
maximum torque to accomplish a given activity which, car- 
ried further, means a lighter engine to do the work, and 
this makes possible again a saving in fuel and tires. Thus 
it is highly important that we get started around this 
circle in the right direction. This can be done by the 
use of high grade materials which do not always cost the 
manufacturer more, thanks to the difference in their 
weights, by taking advantage of the saving made possible 
by pneumatic tires. Simply applying pneumatic tires to 


a truck does not necessarily mean a saving in any respect 
other than probably in the maintenance of the truck; 
whereas if the many factors that are so much different 
where pneumatic tires are used are taken into considera- 
tion in designing the vehicle, many real advantages can 
be placed in the hands of the owner. 

In the matter of performance it is, I believe, highly im- 
portant to consider not so much a new truck in perfect 
condition as one which has been in operation for at least 
thirty to forty thousand miles. For instance, gasoline 
has changed sufficiently in the last three or four years to 
actually affect the fundamental design of engines that are 
required to operate at high temperatures and to preduce 
maximum power. This at one stroke eliminates engines 
of a design dating back five years or more, with due re- 
spect to the merits of such engines. 

The intake passages, lubrication system and combus- 
tion chamber forms have been particularly affected. 
Much importance is placed by the writer on the combus- 
tion chamber form, as it has been proven by experience 
that an engine of the older type once considered a very 
good engine will lose 50 per cent of its power under the 
above conditions when it has accumulated a deposit of 
carbon. Whereas an engine with a very compact form of 
combustion chamber and very good manifold, together 
with a modern lubrication system, with the same amount 
of mileage, and as nearly as possible the same amount of 
carbon deposit, loses less than 10 per cent of its power 
under the same conditions. 

It will always be found that when the weight is de- 
creased and the performance improved as outlined, the 
average operating speed with a capacity load will auto- 
matically rise and apparently without any ill effects on 
tires or economy. 

Fioyp F. KISHLINE, Engineer, 
Graham Brothers. 
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GAIN we hand to you the Engineering Number 

of AUTOMOTIVE INDUSTRIES. We believe that 

this is the best of the series of Engineering Numbers 

and that a place exists for it. We hope that it will, 
to an extent, fill this place. 

There are features of this number that are different 
from those of the past. Indeed, the entire character 
of the Engineering Number has changed since its 
inception. The editorial staff is guided by its sense 
of need, rather than by precedent. One feature to 
which we would invite your attention is the series of 
articles on design. We have covered here some points 
with which every design engineer is familiar, but we 
hope to have presented these in a new way—in a way 
that meets the present status of the industry. There 
is one factor in this series that is not generally con- 
sidered in engineering, that is the importance of the 
human element in the factory to engineering practice. 

Also, we would suggest that much good can come 

- from a consideration of the Forum, which comprises 
an unusual presentation of opinions from men who 
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rank high in automotive engineering. The industry 
cannot help but benefit when these men speak frankly 
and their opinions are given consideration. We hope 
that this expression of opinion will be continued. 
This is our invitation to you to carry on. 

No attempt here is made to discuss the contents 
of this number. There are articles of research char- 
acter and also original theory—something new and 
something old, and, we hope, something for good of 
the industry. 


The Fuel Problem Still With Us 


ET no one be deluded into thinking that the de- 
L cline in price of gasoline during the past nine 
months is an indication that the fuel problem has been 
solved, or that the supply of gasoline at present prices 
will continue indefinitely with abundance regardless 
of demands. The price of gasoline, in common with 
other commodities, responds to the law of supply and 
demand, though for reasons known to the oil pro- 
ducers it did not increase in price as rapidly as other 
commodities or even other petroleum products during 
the war. 

The demand for gasoline is controlled largely by the 
number of cars in operation and the average distance 
each car is operated. The number of cars in existence 
is increasing, though the use in the average case has 
been somewhat curtailed during the present period of 
business depression. For these reasons the demand 
for gasoline and, consequently, the production of this 
commodity has fallen off, but this is distinctly a tem- 
porary condition, and one which will change rapidly 
as conditions return to normal in the business world. 

The need for building cars that are more economical 
in fuel as well as oil consumption and in other ways 
conserving the fuel supply of the country continues. 
In other words, the fuel problem is still with us, 
though temporary conditions may make it appear less 
pressing. Fortunately, much research looking toward 
its solution has been prosecuted or is in progress. 
A review of what has been accomplished and some 
suggestions for future research and development are 
contained in the lead article of this number of AUTO- 
MOTIVE INDUSTRIES. We recommend that engineers 
and executives who have to do with the design and 
production of automotive apparatus study this article 
and the reports of investigations upon which it is 
based, with a view to comparing the performance of 
their own products with that of apparatus incorpo- 
rating such improvements as the various experi- 
menters quoted have found desirable. 

It pays to pause occasionally and take stock of 
developments brought to light by others in similar 
lines of endeavor. Comparisons are not odious when 
we profit by the knowledge gained in making the 
comparison. 

Those who have contributed to the sum total of 
information calculated to aid in solution of the fuel 
problem, as well as those who have supported, encour- 
aged and made available in printed form the results of 
investigations in this line, are to be complimented. 
It is a striking tribute to the value of such institutions 
as the Society of Automotive Engineers, the Bureau 
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of Standards and the research departments of our 
modern industrial organizations. May the good work 
continue and its results receive the recognition they 
deserve in more general commercial application! 





Outstanding Automotive Engi- 


neering Problems 


HAT are the chief problems that confront the 

automobile and truck engineer to-day? The 
question is particularly pertinent on account of the 
present depressed condition of business, which calls 
for the best efforts of every branch of the industry. 
The slump in car and truck sales is, of course, in a 
large measure the result of the general business de- 
pression, and can be relieved only in the measure 
that general business improves. But conditions in 
the automobile business have undergone a funda- 
mental change in that we have reverted to a com- 
petitive basis, and hereafter every engineer will be 
called upon to do his very best in seeking to meet the 
demands of the purchasing public. 

There are two outstanding problems that claim the 
attention of the engineer to-day. One is that of better 
adapting the vehicles or their engines to the use of 
grades of fuel now on the market, and the other that 
of reducing the operating cost, so as to enable more 
people to own passenger cars and to make it possible 
for the motor truck to compete more successfully with 
the horse on the farm and with the railroads in short 
distance freight haulage. 

It is not necessary here to dwell at any length on 
the fuel problem; some phase of it is discussed in 
almost every issue of this paper, and its importance 
is fully recognized. On the whole, the fuel problem 
is not as pressing as the problem of economical opera- 
tion, because our engines are being successfully run 
on the quality of gasoline now sold, and, as the stocks 
of this gasoline are increasing, there is no immediate 
danger of circumstances compelling a lowering in 
the quality. 

On the other hand, the need for more -economical 
operation is most urgent, more particularly as regards 
trucks and tractors. In the truck field we have come 
to a point where the largest apparent market is among 
farmers. The farm truck is a necessary complement 
of the farm tractor, for it is only by the acquisition 
of both that the farmer is enabled to dispense with 
his horses. But since last year there has been a great 
drop in the value of horses and a still greater drop 
in the cost of horse feed, hence the competition of 
the horse has become very much more severe. 

To render automotive apparatus more economical 
both the first cost and the cost of operation must be 
reduced. In the endeavor to accomplish this result 
all the departments of the factory must co-operate. 
In the manufacture of trucks the most promising 
policy is undoubtedly that of standardization of 
models and quantity production. ‘What possibilities 
this holds out in the way of lowering production 
costs is well exemplified by the best selling makes of 
low-priced passenger cars. Standardization and 
quantity production can be fully as well attained by 





the assembling plan as by production of the complete 
truck in a single plant. But in order that the highest 
economy may be achieved it is necessary that each 
assembling plant confine itself to one model. The 
“complete line,” of course, has its appeal, especially 
to the sales department. Considerations of econom- 
ical production, however, favor the single model, and, 
in a strongly competitive market, if the purchaser 
is offered a substantial share of the advantages re- 
sulting from standardization of product it should be 
easier to do a given volume of business with a single 
model than with a series of models. 

The engineer’s problem consists mainly in adapt- 
ing the design of the vehicle to economical manufac- 
ture, as well as in designing for economical operation 
and maintenance. In the selection of materials of 
construction and of processes of manufacture he must 
not only keep in mind the functional requirements, 
but also aim at easy production. Great expectations 
are sometimes attached to the plan of using individual 
parts for two or more functions. There is no doubt 
that material gains often result from this practice, 
as the construction may be simplified and the weight 
reduced without serious sacrifice in operating effi- 
ciency. 

One way by which the industry can be put on a 
basis of greater economy is by so standardizing parts 
as to facilitate specialization in their manufacture. 
Good examples of this plan are furnished by the stand- 
ardization of wheel hub and truck chassis dimensions 
by the S. A. E. during the past half year. Truck 
wheels and truck bodies are practically always manu- 
factured in specialized plants, and the standardization 
referred to aims at making wheels and bodies inter- 
changeable on trucks of different make of about the 
Same carrying capacity. It will, therefore, enable 
the firms in these lines to manufacture in quantity— 
in advance of orders, if need be—and thus cut down 
production cost. 

Automobile development in the past has proceeded 
along rather conservative lines, and radical innova- 
tions have been few and far between. So far as 
passenger cars are concerned, we can hardly hope to 
greatly exceed the standards of speed, silence, com- 
fort, flexibility and reliability that have been set by 
the best modern cars. About all we can hope to do 
is to make these qualities available at lower cost. 
Radical departures would be warranted only by ex- 
tremely urgent demands for increased economy, be- 
cause such radical changes as, for instance, the aban- 
donment of the Otto cycle engine would undoubtedly 
involve sacrifices in the way of flexibility, silence and 
general handiness, and at the present time the great 
majority of buyers are not prepared to make such 
sacrifices. Any such radical changes are most likely 
to come by way of the tractor and truck—fields in 
which the requirements other than those of economy 
are less exacting. 





HERE is an often used commercial sign which 

reads, “If you are not pleased tell us, if pleased 

tell your friends.” The editorial staff of AUTOMOTIVE 

INDUSTRIES would like your opinion, be it favorable 
or otherwise, of this and other numbers. 
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June Sales Certain 
to Beat May Record 


No Justification for Gloom—- 
Price Stabilization Most 
Important Factor 


—__ 


By JAMES C. DALTON 


NEW YORK, June 13—Justification is 
hard to find for the gloom which perme- 
ates the manufacturing end of the auto- 
motive industry at this time. Funda- 
mentally, general business conditions are 
more stable and the outlook is more hope- 
ful than for more than a year. Ulti- 
mate recovery in the automobile field is 
more dependent now on the general busi- 
ness trend than it has been at any time 
since deflation began. 

The automobile business this month 
will be better than most manufacturers 
expect it to be. There is little doubt 
that June sales will equal those of May 
and they may approximate those of April. 
This will be true particularly in lines 
which have stabilized prices. The result 
will be, unless production in the last 
two months considerably outran actual 
orders, that factories will have to begin 
turning out motor cars again in a few 
days. Those which are producing may 
have to increase their schedules. That 
seems to be the outlook for this month. 

July and August always are the dull- 
est months in the year for the sale of 
automobiles. The reasons for this condi- 
tion are obvious and everyone connected 
with the industry is thoroughly familiar 
with them. There is no reason to be- 
lieve there will be any great deviation 
this season from the normal state of 
affairs. If there is any it probably will 
be on the side of an unusually good July 
business as compared with June. 


September Outlook Good 


August undoubtedly will follow the 
usual trend and there will be the peren- 
nial slump. Unless all signs fail, sales will 
pick up the coming of September, and by 
the middle of that month factory opera- 
tions should be well under way. There 
is every reason to believe that general 
conditions will become steadily more 
stable and by that time they should be 
auspicious enough to warrant confidence 
that the automotive industry will have 
entered upon a long period of prosperity. 
There will be no tremendous leaps for- 
ward, but the volume of sales should in- 
crease steadily each month, with due 
allowance for the usual seasonal fluctua- 
tions and spasmodic ups and downs in 
different sections of the country. 

By mid-September the South and the 
great agricultural sections of the Middle 
West will be coming into the market for 
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motor vehicles. The outlook for the 
farmers and planters is brighter than 
it has been for months. They probably 
will not buy in the usual volume before 
the fall of 1922, but sales resistance 
among them will be broken. 

If there is any lack of stabilization in 
the industry by that time it will be 
largely the fault of the manufacturers 
themselves. In this respect there is a 
growing feeling of alarm among the 
dealers, and they make no secret of their 
apprehension. There are hundreds of 
dealers who have lost friends and pa- 
trons because the makers of the cars they 
sell issued positive statements setting 
forth the reasons why it was impossible 
for them to cut prices and then, only a 
few days later, announced reductions. 
This action hurt in lines which had given 
no guarantees. 


Price Cuts Had to Come 


Only a month ago manufacturers in 
Detroit were professing indignation at 
any suggestion that it might be possible 
to cut prices. They were pointing to high 
material costs and unprecedented over- 
head. Yet everyone who had a real grasp 
of the trend of economic events knew 
that price cuts were inevitable. 

Dealers are not crying for price re- 
ductions. They are vastly more con- 
cerned in having prices stabilized. If 
their manufacturers will take a firm 
stand on present prices and prove that 
they are giving value received, the deal- 
ers will be entirely satisfied. What they 
want is to get the price question settled 
one way or the other for a reasonable 
length of time so they can take their 
coats off and go to work without the 
feeling that they are perjuring them- 
selves every time they tell a prospect 
there will be no further price adjust- 
ments. 

The chief concern of far-sighted man- 
ufacturers and dealers at this time is 
that the industry will drift into a sit- 
uation closely akin to a price war with 
reductions coming at frequent intervals. 
Such a condition would be fatal to busi- 
ness for months to come. 


Cuts Must Be Genuine 


If there are any manufacturers who 
feel they can make a comparatively small 
cut now, to be followed by another in 
the early fall if sales are not satisfac- 
tory in the meantime, they are their own 
worst enemies. They will be serving 
themselves and the industry best if they 
make NOW whatever price adjustments 
they intend to make in the comparatively 
near future. 

Normal conditions never can be re- 
stored in the United States until prices 
are stabilized. This stabilization is ap- 
proaching in many industries and it is 
the most encouraging sign of the times. 
It is what the automotive industry needs 

(Continued on page 1352) 
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Sales Continue High 
nt Price Cut Lines 


Metropolitan District Finds Pros- 
pects in Buying Mood—De- 
liveries Running Behind 





NEW YORK, June 11—There are a 
good many indications that the New 
York territory will have a good passen- 
ger sales record for June. There is still 
considerable confusion and some distrust 
in the public mind over price reductions, 
but there is increasing evidence that 
buyers are inclined to accept cuts already 
made as representative of present day 
values, based on material and labor costs. 
Several cars which have had substantial 
price reductions since the first of May 
are selling so strongly that the total 
sales record for May and June will be 
decidedly respectable, despite the fact 
that a few of the uncut lines are having 
a hard time of it. 

This week ended with Buick, Stude- 
baker and Dodge Brothers leading in 
day-to-day sales. Buick and Studebaker 
have both been selling strongly and their 
price reductions served to prevent any 
falling off in business as a result of 
cuts in competing lines. Dodge had 
been selling indifferently for some time 
and dropped off materially when Buick 
reductions were announced. Then, when 
the Dodge reduction came this week, 
sales jumped skyward, and daily sales of 
the last half of the week are far ahead 
even of the records made when the Dodge 
ear first made its appearance in New 
York. 


Business Follows Reductions 


Marmon, Jordan, Franklin, Oakland, 
Maxwell, Chevrolet and Ford have had 
good business since their announcement 
of recent reductions, and several other 
cars whose sales picked up, though not so 
noticeably, are still doing better than they 
were in May. Several cars which an- 
nounced price reductions early in May 
have dropped off considerably from the 
sales spurts which immediately followed 
the cuts, but business is better than it 
was early in the spring. 

Salesmen are finding some prospects 
reluctant to buy because the multiplicity 
of price reductions spread over a con- 
siderable period has created in their 
minds an impression that still further 
reductions may be looked for on cars 
already cut. However, these people are 


not in the majority. 

Studebaker and Buick are both behind 
on deliveries and some orders have been 
cancelled and have gone to dealers in 
other cars, because of this fact. Several 
other lines also are short of certain 

(Continued on page 1352) 
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Leaving Out Dealer 
Declared Bad Policy 


Sales Manager Resolution Con- 
demns Practice—Satisfactory 
Service Impractical 





DETROIT, June 13—Voicing unquali- 
fied disapproval of the factory to con- 
sumer plan of selling motor trucks, di- 
rectors of the National Association of 
Motor Truck Sales Managers, meeting 
here, adopted resolutions pledging aid 
and cooperation for dealers and efforts 
to discourage development of the direct 
sale plan. The attitude of the directors 
was unanimous, according to Don F. 
Whittaker, executive secretary of the as- 
sociation. Adoption of the resolution 
came after the resignation of W. N. Ack- 
erman as director and the Lewis Hali 
Motors Corp. as a member. Ackerman 
is general manager of the corporation. 

The sales managers declared they are 
concerned with the interest of the dealer 
as well as the consumer, the former in 
seeing that he gets a legitimate profit 
and the latter prompt and efficient serv- 
ice. The directors took the position that 
manufacturers, confronted by sales re- 
sistance, should endeavor to overcome ad- 
verse conditions by readjustment of dis- 
tribution and dealer organizations and 
rejuvenation of their sales system rather 
than by destroying dealer organization 
and eliminating the real point of con- 
tact between the manufacturer and con- 
sumer and attempting to operate direct 
from the factory. 

Fred Glover, general manager of the 
Timken Detroit Axle Co.,G. W. Yeoman, 
vice-president of the Continental Motors 
and others were invited to address the 
meeting and presented their views. Fol- 
lowing the lengthy discussion, the resig- 
nation of Ackerman and the election of 
J. F. Bowman, sales manager of Garford 
to succeed him, the resolution was 
adopted. It provides that: 


Would Keep Tried Methods 


“Whereas certain procedure has pro- 
moted the best interests of manufactur- 
ers and certain sales policies have shown 
tangible and definite results, the associa- 
tion will not indorse or approve any 
sales and service plan which will take 
from motor truck dealers profits to which 
they are’ entitled, realizing that such 
methods ultimately will be to the detri- 
ment of the consumer in that they will 
seriously affect proper servicing.” 

The resolutions further declare that 
the association will aid and support deal- 
ers in efforts to give prompt and efficient 
service, possible only through direct con- 
tact between dealer and consumer, and 
will discourage the factory to consumer 
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method of merchandising trucks in the 
belief that the plan is impractical in that 
satisfactory service cannot be rendered 
without resulting in injury to the indus- 
try and great detriment to interests of 
dealer and consumer. 

The development of plans for stand- 
ardizing location of truck chassis num- 
bers to prevent fraudulent practices of 


_unscrupulous persons in dealing with 


finance companies, the determination to 
investigate the used car clearing house 
with a view to advocating its extension 
all over the country is shown to be suc- 
cessful and plans for giving further as- 
sistance to the National Automobile 
Dealers’ Association in securing the 
united support of truck dealers and full 
cooperation in eliminating improper sales 
and discouraging sales to persons not 
financially responsible, were taken up 
and acted upon following action on the 
direct selling plan, 


Hall Official Asserts 
“Sales Not Camouflaged” 


DETROIT, June 13—After receiving 
from the board of directors of the Na- 
tional Association of Motor Truck Sales 
Managers a note informing him that they 
had adopted a motion “protesting against 
indiscriminate selling of motor trucks to 
fleet owners direct from the factory,” W. 
K. Ackerman, vice-president and general 
manager of the Lewis-Hall Motors Corp., 
sent the following reply to Don F. Whit- 
taker, the executive secretary: 

“Yours of the 11th ultimo, ‘PROTEST- 
ING AGAINST INDISCRIMINATE 
SELLING TO FLEET OWNERS AT A 
DISCOUNT AS BEING THOROUGHLY 
SUBVERSIVE TO THE BEST INTER- 
ESTS OF THE MOTOR TRUCK INDUS- 
TRY’ and requesting that such policy 
be discontinued, received. In reply, 
would state that, inasmuch as the policy 
of selling direct to fleet owners has been 
definitely decided upon by us and will 
be continued by us, not indiscriminately, 
as you state, but with due respect to the 
prospects’ standing, the only graceful 
procedure on the writer’s part is to tender 
his resignation, for immediate accep- 
tance, as one of the board of directors 
and to discontinue this company’s mem- 
bership to the N. A. M. T. S. M. 


Sales Efforts Like Others 


“This company and the writer are pro- 
ceeding along sales efforts not unlike 
other manufacturers, the only difference 
being that we are not camouflaging our 
dealer in any way, yourselves nor our- 
selves, and have been frank, honorable, 
above board, and in the open in our 
efforts so as to in no way represent 
ourselves to our associates in any way 
other than what we really are. As to 


(Continued on page 1356) 
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Factories Oppose Direct Truck Sales 
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Carolina to Impose 
Tax on Car Makers 


Will Assess Manufacturers, Resi- 
dent and Non-Resident, $500 
Under 1917 Act 


RALEIGH, N.C.,June 13—The State 
license tax of $500 on manufacturers of 
automobiles stands in spite of the opin- 
ion of the United States Supreme Court 
to the effect that Section 72 of the North 
Carolina revenue act of 1917, relating 
to the tax, is unconstitutional. This is 
the opinion of State Assistant Attorney 
General Frank Nash, after learning of 
the Supreme Court decision. 

The 1917 act contained two provisos, 
making the tax only $100 on certain 
manufacturers. Those that came under 
the provisos were manufacturers pay- 
ing taxes on plants in the State, and 
those that invested three-fourths of their 
assets in State bonds, or municipal bonds 
of the State. 

These two provisos the Supreme Court 
held unconstitutional as discriminatory 
against non-resident manufacturers. An- 
ticipating such an opinion as a possi- 
bility, the Legislature of 1921 incorpor- 
ated a provision in the revenue act that 
if any part of any clause or section of 
the revenue act should be declared un- 
constitutional the remainder of the 
clause or section should remain in force. 
Under this provision the decision then 
simply has the effect of raising the tax 
on the State manufacturers to $500, 
and not of nullifying or lowering the 
tax on outside manufacturers. 

Suit which resulted in the Supreme 
Court decision was brought by the Beth- 
lehem Motors Co. and the National Mo- 
tor Car & Vehicle Co. 


Greenfield Tap and Die 
Buys Machine Plants 


GREENFIELD, MASS., June 14—Di- 
rectors of the Greenfield Tap & Die Corp: 
have voted to purchase the entire capital 
stock of the Greenfield Machine Co., 
manufacturers of cylindrical and univer- 
sal grinders, and the Morgan Grinder 
Co. of Worcester, Mass., manufacturers 
of internal grinders. These two com- 
panies, together with the machines now 
produced by the purchasing company, 
will constitute the machine divisions of 
the Greenfield Tap & Die Corp. Both 
plants will be operated as at present. 

There will be no changes in the or- 
ganization of the plants. Ralph L. Mor- 
gan will continue as president and 
Charles E. Hildreth as general manager 
of the Morgan company, and E. F. Smith 
as president of Greenfield Machine Co. 
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Chandler at $1785, 
Back to 1913 Basis 
All Open Car Models to Sell at 


Old Price—Cleveland 
Also Cut 





CLEVELAND, June 13— Chandler 
Motor Co. made sweeping price reduc- 
tions here to-day that placed the Chand- 
ler price at $1,785, back where it was in 
1913. At the same time the price of the 
Cleveland which is made in a factory 
where there is much Chandler money, 
was cut to $1,295. 

The Chandler company up to the 
present had continued prices which it 
said were warranted by improvements 
made in the car since 1913. The price 
reduction coming at this time, is to in- 
crease production and to stimulate in- 
terest in the two cars. 

The 1913 5-passenger Chandler sold 
at $1,785, the 1921 7-passenger touring 
ear, effective at once, is selling at the 
same figure. The car has been constant- 
ly developed in the last eight years. It 
also has been enlarged and refined and 
the management said that the car of 
to-day would have sold for twice its 
present price in that earlier day. Pro- 
duction methods and scientific manage- 
ment enables the company to put the im- 
proved car on the market at its present 
price. 

The Chandler schedule of prices fol- 
lows: Seven-pass. touring, $1,785; 2- 
pass. roadster, $1,785; 4-pass. roadster, 
$1,785; 4-pass. dispatch car, $1,865; 7- 
pass. sedan, $2,885; 4-pass. coupé, $2,785; 
limousine, $3,385. 

The price of the Cleveland on Sept. 1, 
1920, was $1,645. The new price effec- 
tive at once is $1,295 for both the 5-pass. 
touring car and the 3-pass. roadster. The 
5-pass. sedan will sell for $2,295 and the 
A-pass. coupé for $2,195. 





COLUMBIA BATTERY REDUCED 


CLEVELAND, June 18—The National 
Carbon Co. has put into effect a reduc- 
tion of approximately 20 per cent on 
Columbia dry batteries. The price cuts 
vary somewhat in different sections of 
the country because of freight differen- 
tials but 20 per cent represents a fair 
average of the cut. 





COMMERCE PRICE GUARANTEED 


DETROIT, June 16—The Commerce 
Motor Truck Co. has notified its dealers 
that present prices on 1921 models of 
Commerce trucks are guaranteed for the 
remainder of this year and that if any 
changes are made before Jan. 1, rebates 
will be given either to dealers or pur- 
chasers. 





CITY BANS ASSEMBLED TRUCKS 


NEW YORK, June 16—Manufacturers 
of assembled trucks are awaiting with 
much interest the result of an inquiry 
into the purchase of trucks by the city 
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last year which will be made by the 
legislative committee investigating mu- 
nicipal affairs. It is understood that 
when bids were asked on these trucks 
it was stipulated that “it is the intention 
of these specifications to describe what 
the city terms as a manufactured and 
not an assembled gasoline motor driven 
truck.” It was stipulated that any com- 
pany bidding must have in operation in 
the United States at least 100 trucks each 
of which had run 75,000 miles and that 
it must have a parts stock in New York 
valued at not less than $60,000. 





15,000 Orders Ahead 


at Willys Factories — 


TOLEDO, June 15—John N. Willys, 
president of the Willys-Overland Co., 
here to-day with Vice-President Walter 
P. Chrysler to attend a banquet tendered 
to Vice-President Charles B. Wilson by 
former associates from Pontiac, Mich., 
declared that the factory here is being 
flooded with orders by dealers in all parts 
of the country. 

Willys said there were 15,000 unfilled 
orders on hand now and that prepara- 
tions were being made to put on extra 
shifts to turn out the cars. 





Scripps-Booth Adds 
Six-Cylinder Line 


DETROIT, June 13— Scripps-Booth 
has added a new six-cylinder model to 
the present line, this being equipped with 
a Continental Red Seal 7R engine, 3% 
x 4% in. The prices of the present 
model B series, which will be continued, 
and the new model F series, follow: 


F Series’ 8B Series 
5-passenger touring....... $1,490 y295 
3-passenger roadster...... ,470 1,275 
5-passenger sedan......... 2,375 2,100 
4-passenger coupe......... 2,350 1,950 


The new model ranges from $195 to 
$400 higher than the present model. 
Production of the new model is under 
way and demonstrators are being deliv- 
ered to dealers this week and next. 
Among the other specifications are: 
General Motors approved axles, Borg & 
Beck clutch, 7-in. frame, 115-in. wheel- 
base, 32 x 4 cord tires. 





BUICK TO BRING OUT “FOUR” 


DETROIT, June 10—In connection 
with the Buick announcement of its re- 
vised prices, attention has been called 
to the fact that no changes will be made 
in the sixes for 1922; that is, the 1921 
series will be carried through the 1922 
season without any changes whatever. 
The Buick company, however, will an- 
nounce a four-cylinder car in August. 





TRUCK RECEIVER APPOINTED 


NEW ORLEANS, June 14—Motley 
Lewis of the A. M. Lockett Co. has been 
appointed receiver for the New Orleans 
Motor Truck Mfg. Co. 
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White Truck Prices 
Reduced $200 to $500 


Five Ton Model at $4500 Back 
to Pre-War Rate—Others 
Virtually So 





CLEVELAND, June 13—Price reduc- 
tions on all models of White trucks, ef- 
fective immediately, put the 5-ton model 
back to the 1914 price and other White 
models so close to the pre-war figures 
that, the company declares, in view of 
improvements to the product, they also 
are virtually at pre-war levels. 


Following are the revised chassis 
prices f.o.b. Cleveland. 
a. Se ere rae $4,500, was $5,000 
DI ais csaarnsVcteewteces’s 4,200, was 4,500 
ey  Misaxceeies ses sees 3,250, was 3,450 
PNB os inc sie 5 sade eadns 2,400, was 2,600 


WILSON TRUCK CUTS PRICE 


DETROIT, June 13—A substantial re- 
duction in the prices of all models of 
Wilson motor trucks is announced by 
the J. C. Wilson Co. Four sizes of trucks 
are made by this company and the re- 
ductions in prices range from $380 on 
the 14%4-ton model to $755 on the 5-ton 
truck. The new and old prices follow: 


OLD NEW 
TON  o.eoie osu se ersie's $2650 $2270 
BES iiosmucr panier 3300 2825 
eee ere 4300 3685 
Dass cscxtcess 5275 4520 


These price reductions go into effect 
at once. 





HARVESTER TRUCK DOWN 


CHICAGO, June 11—The Interna- 
tional Harvester has cut prices on its 
heavy duty motor truck as follows: One- 
ton truck from $1,850 to $1,750; 114-ton 
$2,050 to $1,850; 2-ton truck from $2,400 
to $2,100; 3-ton truck from $2,800 to 
$2,400; 5-ton truck from $4,500 to $3,600. 
A 25 per cent reduction on cab bodies, 
tops and other accessories is also an- 
nounced. 





BESSEMER TRUCK CUTS PRICE 


GROVE CITY, PA., June 10—Price 
reductions ranging from $400 to nearly 
$1,000 are announced by the Bessemer 
Motor Truck Co. The 1-ton truck has 
been reduced from $1,700 to $1,395; the 
1%-ton from $2,445 to $1,995; the 2%4- 
ton from $3,285 to $2,595; and the 4-ton 
from $4,485 to $3,495. Prices are f.o.b. 
factory, 


a 


GARFORD PLANT COMPLETED 

LIMA, OHIO, June 13—The Garford 
Motor Truck Co. has completed a mod- 
ern progressive assembly plant and office 
building. The new unit brings the fac- 
tory floor space up to 14 acres and will 
more than double the production capac- 
ity. The building, two stories high, is 
constructed of concrete, steel and glass. 
The assembly division is 420 ft. x 100 ft. 
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PRICE CHANGES IN CURRENT MODELS 
Car Model Old New Car Model Old New Car Model Old New 
Allen Tour. 1395 1385 | Dort Road. & Monroe Road. Sade Perr 
Sedan 2395 2195 Tour. 1215 1115 Tour. 1440 41295 
Coupe 1865 1685 Coupe 2400 2075 
Beggs Road. & Sedan 1995 1835 Sedan 2500 2175 
Tour. 1885 1775 
Coupe 2785 2675 | Elgin Tour, = 1775 1495 | Norwalk Tour. 1285 1135 
Sedan 2885 2775 Coupe 2795 2395 
Sedan 2795 2395 Oakland Road. & 
Birch Road. & Tour. 1395 1145 
Tour. 1695 1595 Essex Road. 1595 1445 Coupe 2065 1815 
_Tour. 1595 1445 Sedan 2065 1815 
; Coupe 2100 1950 
Bour Davis Road. 2585 2385 Guten 2450 2300 Overland Road. & 
7-Pass. 2585 2385 Tour. 895 695 
Ford Road. 395 370 Coupe 1425 1000 
Brewster ye pon bese Tour. 440 415 Sedan 1475 1275 
Coupe 745 695 
Buick 41-47 Road. 1795 —« 1495 Sedan = 795 a) oe = a oe 
Tour. 1795 1525 Coupe 3775 3755 
Coupe 2585 2135 Franklin Tour. 2700 2550 Sedan 3850 3830 
Sedan 2895 2435 Read. sme — 
Coupe 2950 2850 Piedmont 4-30 Tour. 1395 1270 
Sedan 3850 3650 6-40 Tour. 1795 1495 
Chalmers Road. & 
Tour. 1795 1545 Gardner Road. & Pilot Road. sees 
Coupe 2595 2295 Tour. 1195 995 Tour. 2285 eeee 
Sedan 2745 2445 Coupe 3600 3350 
Hudson Tour. 2400 2250 Sedan 3600 3400 
Chandler Road. & Coupe 3275 3125 
Tour. 1930 1785 Sedan 3400 smo | “ateten readin 
Coupe 2930 2785 a ae 2250 
Sedan 3030 2885 Hupmobile Road. & Coupe 3600 3100 
Tour. 1685 1485 Sedan 3700 3200 
Coupe 2725 2400 
Chevrolet 490 Road. 795 635 Onin 2800 2485 Saxon Tour. 1675 1495 
Tour. 820 645 Coupe 2475 2295 
— 1185 | Jordan M Road. 2650 2250 Sedan 2475 2295 
Sedan 1375 1195 Tour. 2650 2250 
ion a e800 Scripps-Booth Road. 1545 1275 
Cleveland Road. & Sedan 3700 3300 — = tas 
Tour. 1465 1295 Coupe 2216 1950 
Coupe 2375 2195 | Kissel Coupe 3875 3375 Sedan = 2295 2100 
Sedan 2475 2295 Sedan 3875 3375 
Seneca Road. 1185 1045 
Climber 4-Road. 1550 1450 er ao 5625 4850 — bic bate 
4-Tour. = 1550 1385 Coupe 7200 6250 | Sheridan Road. & 
6-Road. 2750 2200 Sedan 7400 6500 Tour. 1685 1485 
6-Tour. 2750 2250 Coupe 2565 2060 
Lincotn Road. 4600 4300 Sedan 2765 2360 
Columbia Road. ° 1945 1795 Tour. 4000 4300 
; Seu. 1995 1795 Coupe 5750 4950 Studebaker EH-50 Road. & 
Coupe 2895 2495 Sedan 6000 5400 Tour. 1750 1585-1635 
Sedan = 2086 2595 | Marmon Tour. 5000 3985 oe oe ps 
Sedan 2750 2550 
Town car 6800 5400 
Cunningham Prices on application Coupe 6150 4875 Templar Road. 2885 2385 
Sedan 6600 5275 Tour. 2885 2385 
; Dixie Flyer Tour. 1595 1445 Coupe 3785 3185 
Coupe 2570 | eee a— wee ies Sedan 3785 3185 
Senn 2570 2346 Coupe 1595 1445 
Sedan 1695 1545 Wasp Tour. 6500 5500 
Dodge Road. 1235 935 | Mitchell Road. & Willys-Knight Road. 2195 1895 
Tour. 1285 985 Tour. 1750 1490 Tour. 2195 1895 
Coupe 1900 1585 Coupe 2800 2590 Coupe 2845 2550 
Sedan 2150 1785 Sedan 2900 2690 . Sedan 2945 2750 
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Exchange Drop Halts 
Sales to England 


Progress Toward Equalization of 
Rates Set Back—British Seek 
Tariff Protection 


LONDON, May 30 (By Mail)—Up to the 
time of the most recent slump in sterling 
exchange, the gradually ascending value 
of the pound, as expressed in dollars, was 
evening up conditions of competition and 
restoring the American car and tire im- 
port trade to something like pre-war 
times. The 33 per cent tariff on imported 
cars is likely to be continued for some 
time, but he would be a bold man who 
would predict its duration. A very strong 
undercurrent of opposition to the anti- 
dumping legislation makes its passage 
far from ceriain. The principle of pro- 
duction never has been presented to the 
electorate for a vote. 

A renewed effort is being made to 
have tires included in the import tariff, 
and to that end propaganda is being 
carried on by the British Rubber Tire 
Manufacturers Association, Inc. Some of 
the fallacies contained in a booklet pre- 
pared by the association are too apparent 
to need comment. In fact, the argu- 
ment fails at its source because in the 
main, apart from certain inaccuracies in 
quoting exchange rates and in state- 
ments on wages in the foreign tire in- 
dustry, it lumps the import trade as a 
whole and does not differentiate between 
the favorable conditions of the exchange 
as it concerns the American tire impor- 
ters and the very unfavorable state of 
the exchange for the European tire im- 
porters to Britain. 

So far as the British automobile trade 
is concerned, the trend is steadily toward 
even lower prices. About 90 per cent 
of the cars on the market are down 
from 20 per cent to 25 per cent on the 
February rates. This does not take into 
consideration the American “sixes” and 
large “fours” which have siumped badly 
and have been cut to almost clearance 
rates. The downward trend is likely to 
be continued because of the reduced cost 
of materials and lower wages. The wage 
factor should be a ruling one because it 
was used to justify the advance in prices, 
and the argument must react under the 
present conditions. 


Demand for Economy Cars 


Moreover, the trend is certainly 
toward lighter cars, that is cars lighter 
on fuel and tires but not “light” in the 
category of runabouts weighing in the 
neighborhood of 1000 Ib. This latter 
class is taboo to the real motoring public. 
This includes the family man who needs 
a roomy car at the price of a Ford, but 
not a copy of it. Such a car would sell 
at $1,500. One selling at $1,250 would 
find a good market even without the 
starter and certain embellishments. 

The middle priced car seems to be pas- 
sing out of vogue here, possibly with 
the result of increasing the number of 
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top grade cars. In this connection it 
is interesting to note that one of the 
super-British cars is likely to lose some 
of its best customers for the reason that 
profiteers and newly rich are rushing into 
the market for this make, and as they 
come in the British gentry goes out. 
As a consequence, it is stated, certain 
high grade French cars, which had a 
small sale before the war, are again in 
demand by the “old rich.” Certain high 
grade American cars are sharing this 
field. 

Much interest has been aroused here 
by the decision of Angus Sanderson deal- 
ers to subscribe $185,000 toward the fund 
needed to refinance the company. This 
would be only a fraction of the new 
money necessary, but the offer of the 
dealers denotes the trend toward co-oper- 
ation between the manufacturing and 
sales trade. 

It is held that the dealer who has 
a monetary stake in the production of a 
car has a greater natural incentive to 
push sales than his neighbor who is only 
a dealer first and last. 


British Make Bid for 


Canadian Farm Market 


NEW YORK, June 13— Increased 
production of British agricultural ma- 
chinery and tractors through the culti- 
vation of foreign markets is being urged 
in England as a means of bringing~prices 
to a level that would permit successful 
competition with foreign-made products, 
according to information just received 
from London. 

In this connection, the report says, ar- 
rangements have already been made to 
produce one well-known British tractor 
on a large scale and market it in Canada 
on a systematic plan. Canada is the 
world’s largest market for tractors, and 
up to the presént it has been practically 
controlled by the United States, and the 
selling scheme of this British tractor will 
be planned especially to meet American 
competition. 

A branch factory will be established 
in Montreal with an adequate stock of 
spare and repair parts, and special ar- 
rangements will be made for service, a 
factor which has been more or less nego- 
tiated by British firms in the Canadian 
market. 





British Apathy Losing 
South American Market 


LONDON, May 27 (By Mail)——A South 
American correspondent of the (London) 
Times Trade Supplement sounds a 
warning to the British automobile trade 
concerning the race for the South Amer- 
ican market. He says local republics 
complain of British apathy and con- 
trast it with live methods of Germans 
and Americans. Brazil imported last 


year 24,475 cars of which Britain sent 
only 586. Venezuela and Chile says the 
same and both want automobiles. Ven- 
ezuela in particular wants motorcycles. 
The Argentines want trucks and farm 
tractors capable of hauling four, six and 
eight plows. 
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Paris Show Requests 
Exceed Palais Space 


Exhibitor List Far Exceeds 
Former Figures—American 
Cars Get Space 


PARIS, June 4 (By Mail)—More than 
800 applications have been received for 
space in the French automobile show 
which will be held in the Grand Palais 
from Oct. 5 to 16, this constituting a rec- 
ord, for previous shows have only united 
between five and six hundred exhibitors. 
Not only is the number of firms higher 
than usual, but the amount of space re- 
quested breaks all records, being so great 
that the Grand Palais, which is believed 
to be the biggest building in the world 
under a single roof, has become insuffi- 
cient. As the management has need of 
about 3500 square yards of additional 
space, it is probable that two buildings 
will be used. 

It is not known whether an existing 
building can be found, or whether a tem- 
porary building will be erected on the 
Esplanade des Invalides, which is only 
separated from the Grand Palais by the 
bridge across the River Seine. Probably 
trucks and agricultural tractors will be 
put in the overflow building, thus leav- 
ing the Grand Palais for passenger cars 
and automobile accessories. 

The Paris show is widely interna- 
tional, and will comprise all but late 
enemy manufacturers. Although Amer- 
ican firms do not get first choice, they 
will be well represented, and all the firms 
united in General Motors will have 
stands. The Paris Show management 
objects to the report circulated in Amer- 
ica to the effect that Americans are shut 
out of the Paris exhibition. It is pointed 
out that while American firms are made 
to select positions after European mak- 
ers, they are always assured space on 
the floor of the main hall. This, it is de- 
clared, is in contrast to the policy of New 
York and Chicago shows, in which 
foreign firms cannot exhibit. 

The Paris international exhibition will 
be preceded by a national show at Ber- 
lin from Sept. 23 to Oct. 2, and will be 
followed by the London show in Novem- 
ber and Brussels show in December. 





TO FLY MAILS TO BAHAMAS 


WASHINGTON, June 138—Providing 
a subsidy of 5000 pounds sterling per 
year for the purpose of carrying mails 
between Nassau, Bahamas and Miami, 
Fla., an act has passed its first reading 
in the Bahamas House of Assembly by 
which concessions are given to the Ber- 
muda & West Atlantic Aviation Co., a 
British limited organization with regis- 
tered offices in London. Advice to this 
effect has been conveyed to the Bureau 
of Foreign and Domestic Commerce 
through Consul Lathrop. It is expected 
that the hangar and repair shops con- 
structed by the company will be open to 
the airplanes of all nations on reason- 
able terms. 
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Cuban Sales to Open ' 
in Coming 6 Months 


Look for Biggest Automotive 
Year in 1922—Sugar Crop 
Brings Improvement 


NEW ORLEANS, June 13 — Move- 
ment of the new sugar crop in Havana, 
and a general clearing of the entire com- 
mercial and: financial horizon throughout 
Cuba, has worked great improvement in 
the automotive industry in that island, 
according to Julio R. Bannatyne and 
Julian Fierros, president and treasurer 
of a large automobile and accessory sell- 
ing company in Havana. 

“The automotive industry in Cuba,” 
said Bannatyne, ‘was one of the first to 
begin its recovery from the period of 
depression in business from which the 
island has been suffering for about eight 
months. Trade in general is becoming 
more active, but we, as well as we 
thought we knew conditions, were sur- 
prised at the rapidity with which the au- 
tomobile, truck, tractor and accessory 
sales ‘picked up’ at the first indication 
of general commercial and financial im- 
provement. 

“I do not mean to say that normal 
business conditions have been restored, 
but the movement of the new sugar 
crop and the easing up to some extent 
by the banks on loans, has made money 
easier. The Cuban planters seem to 
realize fully the great aid offered them 
by the use of trucks and tractors, and 
the increased efficiency in business they 
get from passenger cars, so that much 
of the first money received for the sugar 
crop went into extensive purchase of 
automotive vehicles. 

“All business, including the automo- 
tive industry, is being conducted on 
sounder, more conservative lines, and is 
establishing itself on a more substan- 
tial basis than it had before, so that in 
reality a great benefit accrued to all 
commercial undertakings in Cuba as a 
result of the period of depression, and 
especially to the automobile-selling in- 
dustry, which, for some months of pros- 
perity prior to the depression, simply 
‘ran wild.’ We look forward to the last 
half of 1921 as much better than the 
first half, and to all of 1922 as the best 
year we ever have had in the automotive 
industry.” 





Philippines to Impose 
Special Taxes on Cars 


NEW YORK, June 13—Every person 
engaged in the importation or manufac- 
ture of passenger cars, motor trucks, 
tires or parts will pay an annual tax of 
20 pesos and a sales tax of 5 per cent if 
a bill to be presented in the Legislature 
of the Philippine Islands next October 
becomes effective. This bill evidently is 
based on Title IX of the United States 
Revenue Act of 1918, including virtually 
the same provisions. 

The principle of Title IX, however, 
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has been recognized by the U. S. Senate 
as being based on war conditions. Sen- 
ator Penrose, the chairman of the Sen- 
ate Finance Committee, in the hearing 
on May 23, 1921, said: 

“There are several witnesses here 
to-day who want to be heard on the so- 
called sales or luxury tax. Perhaps this 
is hardly the time to discuss this mat- 
ter, as the committee is very familiar 
with all of the arguments from the con- 
sideration of the last revenue bill. Of 
course, the gentlemen called upon to pay 
these taxes were prompted by patriot- 
ism and the desire to win the war, which 
in these times of peace do not exist, and 
many of them. very properly and fairly 
desire to be relieved.” 





Australian Tire Market 
Reported Overstocked 


WASHINGTON, June 13—The Austra- 
lian market for tires is heavily over- 
stocked, writes Trade Commissioner A. 
W. Ferrin. Two large Australian fac- 
tories which now supply over half of 


‘the demand are contemplating an expan- 


sion which they claim will enable them 
to make all the tires Australia requires. 
All tire companies, including American, 
have cut prices. The new tariff imposes 
a duty of 40 per cent on pneumatic tires, 
while the loss in conversion of Sterling 
into dollars gives an even higher protec- 
tion of local tires. Some believe that 
the inrportation of tires into Australia 
will eventuaily cease and that the only 
solution is to establish branch factories 
in Australia, to escape the burdens im- 
posed on the imported tire. It is stated 
to be the expressed intention of the 
Australian government to encourage 
foreign manufacturers to establish Aus- 
tralian plants in the interest of Austra- 
lian labor. 


Berliet Continues Work 
Pending Tax Decision 


PARIS, June 1 (By Mail)—The Berliet 
Automobile Works at Lyons, France, are 
not closed down, as a cable report hav- 
ing appeared in AUTOMOTIVE INDUSTRIES 
might lead readers to suppose. Accord- 
ing to a communication received from 
the Berliet company, this firm applied 
to the French courts for the benefits of 
the law providing for transactional ar- 
rangements. This is a kind of mora- 
torium for firms in temporary financial 
difficulties by reason of the transfer from 
war to peace conditions. This mora- 
torium was. necessary pending the 
settlement of a dispute with the French 
inland revenue authorities in reference 
to payment of the excess war profits tax. 
In the meantime the Berliet factory is 
continuing in operation and is producing 
passenger cars, trucks and tractors. 





LITTLE RECEIVER RESIGNS 


DALLAS, TEXAS, June 13—R. C. 
Ayres has been appointed receiver for 
Little Motor Kar Co., succeeding Ever- 
ett S. Owens, who resigned. Judge W. F. 
Whitehurst said assets were about $200,- 
000 and outstanding stock $1,000,000. 
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Australia Looks for 


Good Selling Season 


Emergence from Drought Brings 
Optimism—Goods in Ware- 
houses Retard Business 


SYDNEY, AUSTRALIA, April 30 (By 
Mail)—The motor car industry in Aus- 
tralia is optimistic that the approaching 
season in Australia will be a good one, 
this optimism being based on the fact that 
for many years it was proven that after 
a long severe drought, such as Australia 
is just emerging from, there have been 
3 or 4 good years in succession. 

With such a prospect of the future it 
is possible for a perceptible improvement 
to take place in the next 6 months. In- 
dustrial matters in Australia will take a 
turn for the better. The prolonged ship- 
ping strike which has been an annual af- 
fair for the last 3 or 4 years, has turned 
out so badly for the strikers that it may 
be many years before they think of pre- 
cipitating a similar situation. 

The coal situation is improving and 
developments in many industries are en- 
couraging. In the steel industry two 
large companies are getting into full op- 
eration. ‘ The rubber mills are at capacity. 
Australian wool is still unsold, but there 
is hope of getting rid of a large percent- 
age of the last wool clip at a moderate 
price. A certain section of the agricul- 
tural territory has money available for 
the purchase of automobiles, but they are 
holding off in anticipation of a fall in 
price. 

Unfortunately the Australian banks 
are short of money due to the heavy im- 
portations that have been made in many 
lines, as well as automobiles, and the 
banks blame this for the present money 
shortage. Importations were so heavy in 
the first 7 months of 1920, and prices so 
high, that great volumes of funds have 
been tied up. The following figures give 
some conception of this: Thus in tex- 
tiles the importations in the first 5 
months of 1920 were $135,000,000, as 
compared with $35,000,000 in the cor- 
responding 5 months of 1919. 


Imports in 1920 Heavy 


In a few other industries the figures 
for these periods are: Machinery, in- 
cluding automobiles, $72,000,000, as 
compared with $43,000,000; rubber goods 
$9,000,000 as compared with $4,000,000; 
manufactured goods of wood $15,000,000, 
as compared with $4,000,000, glass and 
earthenware $7,000,000 as compared with 
$2,000,000; paper $16,000,000 as com- 
pared with $8,000,000. Thinking in totals 
this makes $360,000,000 of imports in the 
first 5 months of 1920 as compared with 
$165,000,000 in the corresponding months 
of the previous year, or a difference of 
$200,000,000. 

The banks have had to finance these 
imports and are naturally compelling 
importers to restrict their operations 
from abroad until such time as the pres- 
ent goods in warehouses valued at $200,- 
000,000 have been turned into cash. 
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June Sales to Equal 
Early Spring Months 
Falling Market for Business to 


Continue for Long Time— 
Buyers Study Values 





(Continued from page 1346) 


more than anything else. There are 
many persons who are able to buy and 
-want to buy who will not buy unless 
they are convinced they can’t get the 
goods they want considerably cheaper in 
the near future than they can now. 

All forecasts of prosperity for the au- 
tomotive industry must be predicated on 
the understanding that there will not be 
periodical price revisions. Business will 
be done on a falling market for a long 
time to come, and the retail prices of 
automobiles will gradually decline, but 
there is no sense in readjusting them 
oftener than once a year. When read- 
justments are made there should be con- 
certed action by the manufacturers, and 
the atmosphere should be cleared in a 
fortnight rather than have the period 
of uncertainty continue for two or three 
months, thereby unsettling trade. 

It should be remembered, also, that 
purchasers are giving greater attention 
to values than they have in the past three 
or four years. They want their money’s 
worth, and the manufacturer who can 
convince them they are getting it will 
do a better business in the long run than 
the competitor who cuts prices and takes 
value out of his product. 


Plants Hold Output 
Close to Actual Sales 


DETROIT, June 13 — Employment 
figures for the last week show an in- 
crease of but 124 men over figures for 
the previous week in 79 industries in 
Detroit, including practically all auto- 
mobile plants. Twenty-seven factories 
are operating on reduced schedules, em- 
ploying 20,312 men an average of 31 
hours a week. 

The employment situation in the State 
as regards automotive plants is not as 
bad as in Detroit. Good business and 
splendid prospects are reported by the 
Michigan Brass & Iron Works at Lan- 
sing in a statement by T. E. Hackett, 
secretary-treasurer. The plant now is 
on a 55 per cent production basis and 
everything points to an increase shortly. 

The Lansing Foundry Co. at Lansing 
has resumed production on a 40 per cent 
normal basis following a long period of 
inactivity. Many orders and inquiries 
are being received from all parts of the 
country, new employees have been taken 
on and plans are being made for steady 
increase in production and employment 
during the summer and fall. The plant 
was closed entirely from Nov. 1 to May 
1, and since reopening conditions have 
improved steadily until the last week 
it was decided to begin operation on a 
40 per cent basis. 

Olds Motor Works turned out 142 
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automobiles last Friday, and daily ship- 
ments from that plant are averaging 
around 125, according to Sales Manager 
Peasley. The Olds plant still has some 
orders ahead and will continue on the 
present schedule between 125 and 150 
cars a day indefinitely, according to 
officials. 

Buick and Chevrolet plants at Flint 
and the Oakland factory at Pontiac are 
speeding production to meet a sharp in- 
crease in demand as the result, factory 
executives say, of the price cuts. Offi- 
cials admit frankly the sudden spurt 
represents an accumulation of orders due 
to determination on the part of buyers 
to sit steady until the reduction expected 
on the car of their choice. Some manu- 
facturers incline to the belief that rumors 
of price cuts, even before the first an- 
nouncements, demoralized the market 
and stopped buying at a time when the 
normal spring business should have been 
at its height, and predict a steady de- 
mand throughout the summer. 


Study Territorial Markets 


Factory and sales executives are keep- 
ing their ears close to the ground and 
representatives are touring the various 
sections of the country seeking to get a 
definite line on actual conditions that will 
permit of some definite manufacturing 
policy. Caution is the watchword and 
none of the companies are going to be 
led astray by the present rush of orders 
reaching nearly all plants. It will be the 
policy to steer close to shore and confine 
production schedules to actual orders 
from dealers based on a careful analysis 
of their individual territories and their 
probable requirements from week to 
week. 





Sales Continue High 


in Price Cut Lines 
(Continued from page 1346) 


models and there have been some can- 
cellations, the public showing little 
patience with delays when it is possible 
to obtain a second or third choice car. 
Reports from the motor vehicle office 
of the Secretary of State at Albany in- 
dicate that the April sales figures will 
prove much larger than was expected 
when the month ended. Compilation of 
registration is always considerably be- 
hindhand and there was a big rush of 
registration during the last ten days of 
May. It was said to-day that the May 
sales record for ten counties in and 
around New York, which, it was 
thought, would fall considerably below 
April probably would equal it and 
might exceed it. It was also reported 
from Albany that registrations so far 
in June were running ahead of any other 
June in the history of the department. 





TOOL PRICES GUARANTEED 


BALTIMORE, June 183—The Black & 
Decker Mfg. Co. has notified its distrib- 
utors that present prices are guaranteed 
until the end of the year. The company 
states that the total increase in the 
prices of all its products since 1914 has 
been only 38 per cent. 
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Ford Records Fall 


in Production Drive 
All Departments Working at 
Highest Capacity — Knock- 
down Shipping Now Used 





DETROIT, June 11—While the Ford 
plant is breaking records with startling 
frequency in the matter of car and truck 
production at Highland Park and the 
assembly branches, the body plant at 
River Rouge is busy and to-day is turn- 
ing out about 1200 sedan and touring car 
bodies daily. About 2000 men are em- 
ployed and it is significant that the time 
per job now is much less than when the 
body output was less than half what it 
is to-day, due to increased labor effi- 
ciency. The daily average for sedan 
bodies was increased 24 in May over 
April, averaging 254 for the greater 
part of the month. During the same 
period the output of touring bodies 
averaged 964, approximately 141 aver- 
age daily increase in May over April. 

The Highland Park plant is absorbing 
about one-quarter of the daily output 
from the Rouge body plant, and with the 
continued daily increase in production, 
it is expected the body plant soon will 
be running close to car production at 
Highland Park. Sedan bodies are being 
shipped to Des Moines and Kearny, 
N. J., assembly plants, as are also some 
touring bodies. Knock-down bodies are 
being exported to France, Denmark and 
England. ; 

In shipping, an average of 140 to 170 
knock-down touring car bodies are 
carried in one freight car according to 
variation in the size of the car. An 
average freight car accommodates about 
110 knock-down sedan bodies. These 
bodies are complete ready to be assem- 
bled, painted and trimmed. Heretofore 
shipments were made by placing about 6 
built-up bodies in a car. Conservation 
in shipping space and more efficient load- 
ing by means of knock-down methods 
has increased the car capacity from 6 
to more than 100. 


June Holds May Schedule 


All departments of the Ford company 
are working full time—three eight-hour 
shifts—and there are to-day 43,000 men 
on the Ford payroll. Highland Park, 
during May, turned out an average of 
4032 cars daily, and that will be kept up 
through June. On May 11, 4096 cars and 
trucks were turned out and six days 
later a mark of 4107 was reached. May 
20 a new high mark of 4144 was made. 
This made the eighth time in 20 work- 
ing days that production records were 
broken. 

Of interest in connection with Ford 
activities is the remarkable increase in 
demand reported from the Ford branch 
in Halifax, Nova Scotia. Great strides 


in the sale of Ford trucks are being 
made there, and the enclosed cars also 
are said to be in demand in that terri- 
tory. About 40 per cent of the business 
during the past year was enclosed jobs. 
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T. W. Warner Resigns 
as G. M. C. Executive 





Will Join Durant as Vice Presi- 
dent—Zimmerschied Takes 
Over Duties 





NEW YORK, June 13—Thomas W. 
Warner has resigned as vice-president 
and general manager of the Muncie 
Products Co. and the Toledo Chevrolet 
Motor Co., divisions of the General Mo- 
tors Corp., to become vice-president of 
Durant Motors, Inc. His impending re- 
tirement from the General Motors organ- 
ization and association with Durant was 
forecast in AUTOMOTIVE INDUSTRIES, May 
26. 

The T. W. Warner Co. and the War- 
ner Corp. at Muncie, Ind., of which 
Warner is now president, will be kept 
independent units but will be associated 
with Durant Motors in the manufacture 
of transmissions, steering gears and 
other parts for the new cars. Warner 
will retain his residence in Toledo and 
his stock holdings in General Motors, 
with which his relations are entirely 
friendly. In joining forces with Durant, 
he is renewing an intimate association 
which has continued for years. 

K. W. Zimmerschied, who is at the 
head of the entire Chevrolet organiza- 
tion, will succeed Warner as president 
of the Toledo Chevrolet company. The 
retirement of Warner from General 
Motors will involve no actual change in 
management, as Warner has merely been 
the nominal head of the two companies. 

Warner is one of the pioneers of the 
automobile industry. In 1901 he had a 
gear factory at Muncie, Ind., which was 
sold in 1909 when he came to Toledo and 
started the Warner Manufacturing Co. 
In 1916 this was merged with the Toledo 
Chevrolet company, a division of the 
General Motors Corp., manufacturing 
transmissions for Chevrolet cars. He 
organized the Warner Corp. about two 
years ago. He is rated as a millionaire 
and his active re-entry into the manu- 
facturing field will add much strength to 
the Durant organization. 





G. M. C. Announces Resignation 


NEW YORK, June 14—General Motors 
Corp. has issued the following statement 
in regard to the resignation of T. W. 
Warner: 

“The General Motors Corp. announces 
that K. W. Zimmerschied, president and 
general manager of the Chevrolet Motor 
Co., has accepted the resignation of 
T. W. Warner as president of the Toledo- 
Chevrolet Motor Co. of Toledo, a sub- 
sidiary manufacturing transmissions. 

“The corporation also announces that. 
Mr. Warner’s resignation has been ac- 
cepted as president and general manager 
of the Muncie Products Corp. of Muncie, 
Ind., one of the units of the Inter-Com- 
pany Parts Division of General Motors 
Corp. 

“Mr. Warner was not an officer nor 
a director of the General Motors Corp.” 
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G. M. C. NOW PRODUCING 
6000 CARS A WEEK 


NEW YORK, June 14—Passen- 
ger car production of the General 
Motors Corp., including all lines, 
is now running at approximately 
double the rate of five or six weeks 
ago when it was around 3000 cars 
a week. Figuring on a basis of 
6000 a week, yearly production 
would be around 300,000, or 75 per 
cent of production during the fe- 
verish period which followed the 
armistice. 

Orders are running ahead of 
production at this time and in some 
of the lines, especially Chevrolet 
and Buick, there are enough on 
hand now to make necessary a con- 
tinuance of factory operations at 
the present rate for at least a 
month longer. 














Mack Truck Sales Cut 
Inventories $3,000,000 


NEW YORK. June 13—President A. J. 
Brosseau of the International Motor 
Truck Corp. has informed the directors 
“that only an utter collapse in gen- 
eral business in the second half of 1921 
will be likely to change the apparent 
gradual gain in the volume of sales, pro- 
duction and profits to which the com- 
pany may look forward.” Current busi- 
ness is running at a rate equal to 85 per 
cent of the 1920 figures when gross 
sales amounted to $34,000,000. 

Highly gratifying progress has been 
made in reducing inventories and in the 
first four months of 1921 there was an 
actual reduction of $2,000,000. By June 
30 the net reduction will amount to more 
than $3,000,000. No commitments have 
been made for incoming raw materials 
beyond those sufficient to meet current 
manufacturing requirements. It is ex- 
pected that by July 1 the finished truck 
inventory will be down to a normal total 
based on the present volume of business. 
This means that manufacturing opera- 
tions at the three plants will have to be 
increased soon after July 1 to a rate ap- 
proximating sales. In order to bring 
down truck inventories, operations since 
January have been at a smaller rate 
than monthly deliveries of trucks. 

International Motor Truck continues 
in the strongest financial condition. It 
has no bank loans whatever and its cash 
balance approximates $4,000,000. The 
company came through March without 
any losses in net profits and there was a 
slight margin above depreciation, taxes 
and all other charges. Business now is 
running at approximately double the 7 
per cent dividend requirements. 





DEVELOP NEW TYPE AIR WING 


NEW YORK, June 13—A new type of 
airplane wing which materially increases 
the limiting flying speeds and carrying 
capacities of aircraft, has been devel- 
oped by the Dayton-Wright Co., accord- 
ing to General Manager G. M. Williams. 
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Germain Quits Olds 
to Join Ver Linden 


Lansing Division of Durant Mo- 
tors Under Way—Other Of- 
ficials Make Changes 


DETROIT, June 14—L. R. Germain 
will retire as vice-president of the Olds 
Motor Works to join Edward Ver Lin- 
den in the development of the Lansing 
plant of Durant Motors. Germain, who 
is a native of Michigan, grew up in the 
Olds plant, starting as office clerk 12 
years ago. He appeared peculiarly 
adapted to handling financial problems 
and rose steadily until he was made 
comptroller about a year ago and was 
promoted to the vice-presidency. 

Concrete is being poured for the 
Lansing division of Durant Motors 
headed by Ver Linden. The first auto- 
mobile produced by this division will be 
shown about Sept. 1. Contractors have 
promised to have the building completed 
Nov. 1, Ver Linden said, and work in 
every department of the plant will be 
under way by Jan 1. Announcement is 
made of the naming of L. D. Maxson, 
former purchasing agent for Olds Mo- 
tor Works, as director of purchases for 
the Ver Linden division. 

Another acquisition by the Durant 
interests is B. H. Anibal, chief engineer 
of the Cadillac Motor Car Co., who has 
resigned to join his old chief R. H. Col- 
lins. Anibal joined the engineering de- 
partment of the Olds Motor Works 12 
years ago and went with Cadillac in 
1911. He aided in designing the Cadil- 
lac on which electric starting and light- 
ing were introduced. He rose from de- 
signer to assistant designing engineer 
in charge of motor design, assistant 
chief and chief engineer. During the 
war he represented the Cadillac engi- 
neering department at Washington and 
also was assistant chief engineer of the 
aircraft division of General Motors. 

D. B. McCoy, who returned recently 
from London where he was representing 
the General Motors Export Corp., has 
joined the Reo Motor Car Co. as adver- 
tising manager, succeeding W. K. Tow- 
ers, who goes to Paige as advertising 
manager. McCoy has had long experi- 
ence in the advertising field, first with 
Oakland, then with Olds and finally in 
the advertising section of General Mo- 
tors Export Division. 








TO SELL GENERAL TRACTORS 


MILWAUKEE, June 13—William B. 
Roys, 103 Gay Building, Madison, Wis., 
trustee in bankruptcy of the General 
Tractors, Inc., which owns the stock of 
the Monarch Tractor Co., Watertown, 
Wis., has announced that on June 25 at 
10 a.m. the entire assets of the corpora- 
tion will be offered for sale at public 
auction, at the general offices of the 
General company in Paulsboro, N. J. 
The next meeting of creditors will be 
held June 28 at the office of Charles F. 
Lamb, referee in bankruptcy, Madison. 
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Ford Payment Plan 
Would Extend Terms 


Move to Simplify Accounts, Says 
Purchasing Agent—Not Seek- 
ing Advantage 





DETROIT, June 15—Reports that the 
Ford Motor Co. is demanding an exten- 
sion of 10 days in the discount period 
and 60 days net credit with the idea of 
gaining a financial advantage, brought 
vigorous denial to-day from Fred H. 
Diehl, purchasing agent. As a matter 
of fact, he said, Ford is now paying 
cash for materials. He declared a 
printed circular sent out simply fixes a 
definite payment period on all invoices. 

“The Ford Motor Co.’s purchases over 
a month range from $40,000,000 to 
$50,000,000,” said Diehl, “and various 
supply sources naturally fix their own 
payment terms. This means thousands 
of invoices coming into the Ford offices 
each month, each with its own discount 
dates and terms. In an effort to simplity 
this work we designed definite terms for 
billing materials to the Ford company, 
fixing discount dates on the 20th of the 
following month rather than the 15th, as 
heretofore. We were prompted by no 
motive save a desire for one set of terms 
on which to pay. 

“As for the 60-day stipulation, that 
is designed simply to protect the com- 
pany in the event it should become 
pinched, and is a consideration to which 
an institution as large as this is en- 
titled just as much as the 90-day pay- 
ment period allowed banking institutions 
in case of emergency. We are not asking 
anyone to carry a financial load and 
are in no sense trying to shift the bur- 
den. We never expect to have to avail 
ourselves of the 60-day clause, but think 
we are entitled to that much protection 
should an emergency arise. This is a 
matter entirely between our supply 
sources who are glad to co-operate with 
us.” 

President John Kelsey of the Kelsey 
Wheel Co., probably one of the biggest 
Ford creditors, declared there was no 
truth in reports that Ford was demand- 
ing a credit extension. On the contrary, 
he said, the company is paying cash and 
has been for three months. 

Officials of the Holley Carbureter Co. 
said the circular from Ford had been re- 
ceived, but was fully understood and not 
considered in any sense a demand for 
credit or discount extension. 

Bankers declare Ford is paying cash 
and expects to continue now that over- 
head has been cut to a minimum, and 
quick turnover insures ample capital. 


Parts Makers Disturbed 


by Ford Payment Plan 
NEW YORK, June 15—The Ford cir- 
cular has caused considerable appre- 
hension among the parts makers with 
whom he deals heavily. There is no 





complaint regarding conditions as they 
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exist at present, but these manu- 
facturers assert that they could not carry 
the financial burden which would be in- 
volved if they were called upon to grant 
Ford 60 days’ credit without. refinancing 


. their business, which would be extremely 


difficult if not impossible under present 
conditions. They take the position they 
already have borne more than their share 
of the burdens of the industry in the 
past year and that no more can be ex- 
pected of them. 


Complain of Payment Date 


There also is considerable complaint 
because of Ford’s arbitrary extension of 
the payment date to the 20th prox. Some 
parts manufacturers regard this as more 
serious than the 60-day clause, for the 
reason that they probably will have to 
submit to the one while they would not 
consent to the extension of the credit 
period. It is contended that this action 
on the part of Ford wil give him a 
substantial sum in interest each month, 
which rightfully should belong to the 
companies which supply him. 


Acason Truck Company 
Brings Out Light Truck 


DETROIT, June 11—A truck capable 
of speeds over 30 m.p.h. and having a 
load capacity of % ton is announced by 
the Acason Motor Truck Co. It is 
equipped with a four cylinder 3% x 5 in. 
Acason block engine with three point 
suspension, rated at 35 hp. at its nor- 
mal speed. The engine accessories in- 
clude a high tension magneto, Schebler 
carburetor, centrifugal governor and 
built-up radiator with detachable core. 
A disk type of clutch is fitted and the 
transmission is a Fuller affording three 
forward speeds and one reverse. There 
are three universal joints in the pro- 
peller shaft, the center bearing of which 
is a self-aligning ball bearing. Both 
axles are of Timken make, the final drive 
being by worm. The frame is built up 
of steel channels having a 4-1/16 x 2% 
x 3/16 in. section. Semi-elliptic springs 
are fitted all around. The steering gear 
is of the worm and nut type and is pro- 
vided with an 18 in. handwheel. Fuel is 
carried in an 18-gal. tank under the seat, 
which latter is wide enough to accom- 
modate three persons. Wood artillery 
wheels are standard equipment and are 
fitted with 34 x 5 in. non-skid cord tires. 
Control levers are located centrally. 
Equipped with a Westinghouse starter, 
electric lights, generator, Willard 80 
amp.-hr. battery, Motometer, three oil 
lamps, mechanical horn, jack and tools, 
the truck sells for $1,650. 








GIANT AND SUPERIOR REDUCE 


NEW YORK, June 15—Price reduc- 
tions have been made by the Giant Truck 
Corp., Chicago, and the Superior Motor 
Truck Co., Atlanta. 

The Giant 1% ton model is reduced 
from $2,425 to $2,250; 2 ton from $3,250 
to $3,150, and 3% ton, $4,500 to $4,150. 

Superior models now are, 1 ton, $1,650, 
reduced from $1,800, and 2 ton, $2,600, 
reduced from $2,750. 
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Durant Denies Plot 
to Assist Newberry 


Had Nothing to Do With Keep- 
ing Employees from Voting 


for Ford 


WASHINGTON, June 13—Emphatic 
denial was made here to-day before the 
Senate Committee on Privileges and 
Elections by William C. Durant, former 
head of the General Motors Corp., that 
his political sympathies had influenced 
the votes of employees in his Michigan 
factories during the Ford-Newberry 
senatorial campaign. He insisted that 
he had nothing to do with the alleged 
action on the part of the executives in 
the Buick plant to keep employees at 
work when it was ascertained that their 
sympathies were with Henry Ford in the 
senatorial race. 

Durant was questioned closely by Sena- 
tor Spencer, Republican, of Missouri, and 
other members of the Senate Committee, 
who are conducting an inquiry into the 
disturbed election. The automobile man- 
ufacturer stated that he knew Senator 
Newberry slightly, having met him at 
the Lotus Club. He declared that neither 
Senator Newberry nor Paul King, his 
campaign manager, had directly solicited 
his financial support. 

In response to a specific question as 
to whether or not he had taken action 
to prevent factory employees from voting 
when a canvas of the Flint plant had 
shown a preponderance of Ford votes, 
Durant admitted that he had communi- 
cated with the manager of the Flint plant 
to ascertain as to how the men stood, but 
did not take any other action. 

“Did you hear that they prevented the 
men in the Buick plant from voting?” 
the witness was asked, and he replied 
in the negative. 

“You got a response didn’t you, that 
the men were for Ford,” he was asked. 

Durant answered: “I do not remember 
that.” 

The witness stated that he did not 
know that notices were posted in the 
Buick plant that the factory would .close 
at 3 o’clock in order to allow men to 
vote. 








WILLYS CREDITORS. REACH PLAN 


NEW YORK, June 16— Committees 
representing the creditors of the Willys 
Corp., which have been working since 
March on a refinancing plan which would 
be satisfactory to all the interests in- 
volved, have reached a practical agree- 
ment and an announcement is expected 
in the near future. 





OPPOSE STANDARD PARTS PLAN 


CLEVELAND, June 15—Stockholders 
of Standard Parts Co. have voted down 
the plan of reorganization proposed by 
creditors. Both preferred and common 
stockholders agreed to hold out for an 
extension of the receivership until the 
depression is ended. 
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Permanent Tariff 
Protection Likely 


Danger Is Seen, However, in Wide 
Open Condition Pending 
Legislation 





WASHINGTON, June 15—Protests by 
motor truck manufacturers and dealers 
against the serious effect upon their 
business which will follow continued re- 
importation of American-made vehicles 
from England and France, is having its 
effect upon Congress. Representative 
Fordney, chairman of the Ways and 
Means Committee of the House, has in- 
dicated that when the permanent tariff 
is framed adequate protection will be 
given the automotive industry by the 
insertion of a specific clause in the anti- 
dumping provisions of the measure. 

Leaders in the lower house are dis- 
posed to recognize the justice of the 
contention that this competition in the 
truck field is unfair and the same is 
true of Senate leaders such as Senators 
Smoot and Ball. 

The truck industry itself and the or- 
ganizations connected with it were slow 
to awaken to the seriousness of the 
situation, and it is no secret that if Con- 
gress had keen informed of the actual 
facts some such clause as is now sought 
might have been included in the anti- 
dumping provisions of the temporary 
tariff which was passed a few weeks ago. 

Senator Smoot, who was especially 
interested in the subject and who is 
thoroughly alive to the essential nature 
of the truck industry, was unable to get 
the data he sought from any source he 
could recognize as authoritative. 

No attempt will be made to bar out 
of the country these American-made 
trucks, but it is proposed to enact valua- 
tion clauses which will put them on a 
fairly competitive basis. The chief dan- 
ger now is that so many of them will 
be brought into the country before the 
permanent tariff is enacted that it will 
be a case of locking the barn door after 
the horse is stolen. 

It is expected, however, that the Ways 
and Means Committee will report the 
permanent tariff bill in a few days. 
Practically all legislation is at a stand- 
still pending solution of the tariff. 


Townsend Bill Gets 


Committee Approval 


WASHINGTON, June 13—Favorable 
report was ordered by the Senate Post 
Office and Post Roads Committee to-day 
on the Townsend bill to create a Federal 
Highway Commission and to establish 
an interstate system of public roads. 





Members of the commission would be 
appointed by the President with the con- 
sent of the Senate and receive salaries 
of $10,000. The annual appropriation 
of $100,000,000 to aid the states in 
building roads would be continued with 
the specification that the sums allocated 
to the states must be expended on inter- 
state roads. 


Army Truck Disposal 


Deadlocks Law Makers 


WASHINGTON, June 14—Disposal 
of surplus army trucks and other motor 
vehicles has proved a stumbling block 
for the Senate and House conferees now 
considering the army appropriation bill. 
Congressman Anthony of Kansas and a 
few supporters in the House are demand- 
ing that the House managers stand pat 
on the House provision which would 
compel the Secretary of War to sell to 
the public 10,000 motor vehicles. The 
Senate managers, however, are appar- 
ently unwilling to recede from the 
amendments adopted by the Senate 
which made it optional for the Secre- 
tary of War to sell or transfer to the 
Department of Agriculture and the State 
Highway Commissions surplus equip- 
ment. 

As the present fiscal year is rapidly 
drawing to a close, it is essential that 
conferees reach an agreement at an 
early date in order that funds may be 
available for the maintenance of the 
army. There has been considerable agi- 
tation by the organized State highway 
commissioners in behalf of the transfer 
provision. Congressman Anthony has 
led the fight for the immediate sale of 
all surplus motor equipment contending 
that the road builders in the various 
states cannot absorb such equipment as 
may be transferred hereafter. The sale 
of equipment at depots controlled by the 
Motor Transport Corps provoked some 
uneasiness among dealers for a time. 





G. M. C. CONSIDERS BODY PLAN 


NEW YORK, June 15—The General 
Motors Corp. is considering a plan of 
manufacturing custom built bodies at 
the plant of the Dayton-Wright Air- 
plane Co. The plant is not large enough 
to permit quantity body production but 
it offers exceilent facilities for custom 
work. 





SHERIDAN TRANSFER AUGUST 1 


MUNCIE, IND., June 15— Actual 
transfer of the plant of the Sheridan 
Motor Car Co. recently purchased from 
the General Motors Corp. by interests 
headed by W. C, Durant, will not be made 
until Aug. 1. General Motors will con- 
tinue production of the present models 
until that time. 


Slough Agents Buy 
More Trucks Abroad 


Find Ready Market Here in 
Chicago and New York 


Territories 





NEW YORK, June 15—Business in 
reconditioned army trucks brought back 
into this country by the Truck Company 
of America, is reported by officials of 
the company to be well up to expecta- 
tions. Arrangements are being made by 
I. Edward Roskam, one of the officers, 
now in Europe, for the purchase and 
shipment of a considerable number more. 

The first of the trucks brought back, 
numbering about 2000, were principally 
Pierce-Arrow, Mack, Packard, Peerless, 
White, Riker, Locomobile, Liberty, F. W. 
D., Nash and E. M. C. These were 
bought from the Slough Trading Co., 
Ltd., of London, and it is presumed that 
the trucks now being bought will be 
from the same source. 

Parts for the trucks are now being 
brought in, according to Louis Mansbach, 
an officer of the company. These will 
total in value about $100,000, and it is 
probable, he said, that more would be 
arranged for on Roskam’s present trip. 

Sales of the reconditioned trucks are 
principally in the New York and Chicago 
districts, Mansbach said, though the dis- 
tribution is extending to all parts of the 
country except through the South. A 
Chicago office has been opened at 1515-19 
Wabash Avenue, under the direction of 
Morris Froelich, also an officer. 

Additional storage space has been ar- 
ranged for in New York by the leasing 
of the old car barns on Tenth Avenue, 
giving the company a iotal of about 
250,000 feet of storage space. 





Ohio Governor Signs 
Truck Restriction Bill 


COLUMBUS, June 15—The Burke 
bill, which practically excludes from the 
use of Ohio highways trucks with a 
capacity greater than 3% tons, has been 
signed by the Governor. Great pres- 
sure was exerted by automotive inter- 
ests to have the measure vetoed, but 
these attempts were futile. The measure 
forbids the use of roads in the State 
by rubber tired vehicles weighing more 
than 20,000 lb. including their load. 
Another section of the bill permits ad- 
ditional restrictions by municipalities. 

Automotive interests contended that 
the result of the bill would be that 3%- 
ton trucks would be overloaded and oper- 
ated at a speed which would wear out 
the highways faster than heavier trucks 
with a normal load. 
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Tire Sales Steady 


at Akron Factories 


Business with Dealers Overcomes 
Decreased New Car Specifi- 
cations—Prices Stabilized 


AKRON, June 13—Although automo- 
bile manufacturers’ original equipment 
tire specifications have been materially 
reduced since the first of May owing to 
the drop in buying of automobiles, deal- 
ers’ tire sales are holding up encourag- 
ingly, according to Akron tire manufac- 
turers. Few more men will be laid off 
in Akron tire factories, it is stated, and 
production is expected to continue on an 
even keel until automobile sales are 
stimulated, when an increase in manu- 
facturers’ business is anticipated. 

In a statement issued by L. C. Rockhill, 
general sales manager of the Goodyear 
Tire & Rubber Co., gasoline consumption, 
which is regarded as a good indication of 
how much automobiles are being used, 
was 17 per cent greater for the January, 
February and March period of this year 
than for the corresponding period of last 
year. February gasoline consumption 
was 9 per cent lower than in February 
last year, but March consumption was 
35 per cent higher than in March last 
year, indicating, tire builders say, an 
increasing use of automobiles which will 
cause consumer tire sales to hold up 
steadily. 

The Goodyear company reports that 
more automobile tires were sold to deal- 
ers last week than during the corre- 
sponding week of last year, and also 
that the week’s business to dealers was 
larger than during any one week since 
last September. “This reflects an in- 
creased consumer demand and is probably 
the result of the fact that there has 
deen no appreciable curtailment in the 
use of passenger automobiles,” siates 
Rockhill. 

Other Akron companies also report 
that dealers’ sales are holding up sub- 
stantially. Firestone continues on a pro- 
duction basis of about 17,000 tires a day 
and anticipates no further retrenchment, 
officials say. Goodrich, although making 
office personnel reductions, salary cuts and 
reducing vacations to a one week limit, 
is producing 15,000 tires daily and not 
contemplating any further production re- 
duction. 





Fisher Body Earnings 
Establish New Record 


DETROIT, June 16—The report of 
the Fisher Body Corp. for the year ended 
April 30 shows net profits after all ex- 
penses, losses, interest charges, depre- 
ciation and Canadian income taxes of 
$4,809,948, establishing a new record. 
Earnings for the previous year were 
$4,378,000. Net profits and surplus 
brought forward aggregated $11,205,000 
from which $5,316,000 was appropriated 
for dividends on the preferred and com- 
mon stock, all of which is owned by Gen- 
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eral Motors Corp., and on the stock of 
the National Plate Glass Co., a subsid- 
iary. Current liabilities were decreased 
by the reduction of bank loans from ap- 
proximately $13,000,000 to $5,000,000. 
Current assets included approximately 
$5,000,000 in cash and an inventory val- 
ued at $18,000,000 with an allowance of 
$1,645,000 for reductions in market value. 





Sales Not Camouflaged, 
Asserts Hall Official 
(Continued from page 1347) 


the fairness to our dealers, would state 
that we have their written acceptance 
to our plan by contract or otherwise. 

“This decision was arrived at only 
after careful discussion and due consider- 
ation here. As discussed with Mr. Whit- 
taker, the plan upon which we are work- 
ing to a sales end with the fleet owners 
is common with other of the largest 
manufacturers of motor trucks, as is 
evidenced by the fact that many of the 
fleet owners now have in their possession 
contracts with these manufacturers for 
the sale of motor trucks to them direct 
from the factory at varying wholesale 
prices. 

“It has been intimated, too, that one 
of the local manufacturers has withheld 
membership to our association owing to 
the fact that one of the members of the 
board of directors was in favor of a sales 
policy not in accordance with his line of 
thought; although we have reliable in- 
formation that the local concern is pro- 
ceeding in their local sales without a 
dealer and on a factory direct plan and 
at wholesale prices, not only to fleet 
owners but to general users. 

“This company values the work of the 
Sales Managers Association very highly, 
and the writer has likewise enjoyed the 
association of the board members, but, 
inasmuch as Mr. Hall and the writer, 
on behalf of the motors corporation, are 
averse to anything but frankness to our 
fellow associates and companies belong- 
ing to the association, we feel that, with 
respect to your objections, the only course 
to pursue is this one of resignation. 

“Kindly acknowledge receipt and ac- 
ceptance.” 





RECEIVER ASKED FOR IDEAL 


CLEVELAND, June 14— Federal 
Judge Westenhaver has taken under con- 
sideration application for a receiver for 
the Ideal Tire & Rubber Co. with a fac- 
tory in this city. The receivership 
petition was filed by the Philadelphia 
Rubber Tire Co., which asked for an ac- 
counting. The tire company asserts it 
is solvent, able to pay its debts and has 
a substantial equity for its stockholders 
provided the property is properly ad- 
ministered. 





PERFECTION RECEIVER ASKED 


WILMINGTON, DEL., June 14—A 
bill asking for the appointment of a re- 
ceiver for the Perfection Tire & Rubber 
Co. has been filed in the United States 
Court here by the Southwark Foundry 
& Machine Co. of Philadelphia. 
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Moline Committees 
Work Out Financing 
Believe Company Will Show 


$10,000,000 Over Liabilities 
After Inventory Write Off 





NEW YORK, June 14—Creditors’ com- 
mittees which took over the financial 
affairs of the Moline Plow Co. some 
time ago. are bringing to a conclusion 
plans for refinancing the corporation on 
a new scale after the inventories have 
been written down. Even at scaled down 
values to meet present prices for raw 
materials, finished product and plant, 
the company should show at least $30,- 
000,000 of assets compared with approx- 
imately $20,000,000 of indebtedness. 

The company, which manufactures 
agricultural implements and the Stephens 
automobile, is controlled by the Willys- 
Overland Co., which owns slightly more 
than 82 per cent of the common stock. 
The interest of the Stephens family in 
the plow company was taken over by 
John N. Willys in 1918. The former 
owners of the company received in ex- 
change preferred stock in Willys com- 
panies in the following proportions; 
Willys-Overland 55 per cent, Electric 
Auto-Lite Corp. 80 per cent, Curtiss 
Airplane & Motor Corp, 15 per cent. 

The bank and merchandise creditors 
are represented by the following com- 
mittee: Frank O, Wetmore, Ralph Van 
Vechten, Edmund D. Hulbert, C. E. 
Mitchell, R. I. Barr, E. A. Potter, Jr., 
Samuel Vauclain, Alfred L. Aiken, Festus 
J. Wade, C. T. Jaffray and C. P. Coffin. 
The serial note holders are represented 
by a committee composed of Ronald M. 
Byrnes, Samuel L, Fuller, J. Herndon 
Smith, Harold Stanley and William W. 
Hoffman, secretary, 55 Wall Street. 

The two committees made the follow- 
ing statement: 

“The sudden and _ unprecedented 
falling off of sales in the autumn of 
1920 left the company with an increased 
debt of $10,000,000 above normal, which 
is reflected in the corresponding increase 
in its inventory. The management of the 
business was changed in September, 
1919. Important savings in overhead 
expenses and improvement in matters 
of organization were effected during 
1920. The s!ump in business came too 
quickly to enable the company to reap 
the benefits thereof or to protect itself 
against the consequently swollen inven- 
tory. A new inventory is being taken 
and analysis of the company’s financial 
position being made. Even at scaled 
down values to meet present prices for 
raw material, finished product and plant, 
the company should show at least $30,- 
000,000 of assets, compared with approxi- 
mately $20,000,000 of indebtedness. 

“The two committees will do every- 
thing in their power to preserve this old 
and valuable business and to refinance 
the company on a basis that will enable 
it to maintain and continue the business 
and prestige it has enjoyed in the agri- 
cultural implement business.” 
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Mason Tire Clears 


Last of High Rubber 


Production from July 1 Will Be 
on Market Basis—Financial 
Position Strong 


AKRON, June 13—Officials of the 
Mason Tire & Rubber Co. announce that 
before July 1 the company will have ex- 
hausted completely its supply of high- 
priced rubber, and will base all future 
production upon purchases of crude rub- 
ber at an average cost of 16 cents a 
pound. It is claimed that the Mason 
company is the first major rubber com- 
pany in the United States to use up its 
high-priced rubber at such an early date, 
many companies both larger and smaller 
still have huge supplies on hand of crude 
rubber purchased at peak prices last 
year, while there also are many compan- 
ies handicapped by contractual obliga- 
tions providing for future deliveries of 
crude rubber contracted for at last year’s 
record prices. 

The fact that the Mason company is 
not under contract for future delivery of 
crude rubber at the peak price, places the 
company in an exceptionally strong po- 
sition financially, officials say, and will 
permit a materially lowered producing 
cost commencing about July 1. Mason 
production now is running at 1500 tires 
a day and plans are being made to in- 
crease to 2000 tires daily before the first 
of next month. About 90 per cent of the 
entire Mason production is cord tires as 
the company discontinued the manufac- 
ture of fabric tires larger than 30 x 3% 
some time ago, 

Mason officials report May sales were 
in excess of sales for the corresponding 
month of last year and state that present 
business indicated that June sales will 
show an increase of nearly 100 per cent 
over June of last year. Mason was one 
of the few companies to make a 20 per 
cent tire price reduction on May 2. 


Quick Assets $3,340,000 


The company on May 1 had current. 
quick assets of $3,340,000 and $778,000 
in current liabilities including $433,000 
of bills pavable, $323,000 accounts pay- 
able, and $22,000 accrued payroll. The 
company also has in process the absorp- 
tion of the Mason Rubber Plantations 
Co., which has about $700,000 of quick 
assets. A short time ago the company 
offered stockholders of the Plantations 
company, the privilege of converting 
their stock into stock of the Mason Tire 
& Rubber Co. The company expects to 
have sufficient stock converted by July 1 
to take over the Plantations assets. 

According to figures issued by the 
Rubber Association of America covering 
operations for the month of April in the 
United States, during which month about 
200,000 cord tires were sold to dealers 
by the leading 45 tire manufacturers, 
Mason sales of cord tires to dealers dur- 
ing the period totaled 16,000, or from 7 
to 8 per cent of all cord tires sold during 
that month. A year ago Mason discon- 
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tinued the manufacture of ribbed tread 
and smooth tread tires, with the result 
that the money tied up in tire inventory 
now is small as compared with compan- 
ies manufacturing several different types 
of tires. 

Mason sales last year were $7,100,000 
and the company is operating on an an- 
ticipated sales basis of over $10,000,000 
for 1921. 


New Light Piston Alloy 
Is Placed on Market 


TACOMA, WASH., June 7—The Alloys 
Motor Parts Mfg. Co. are putting on the 
market a new copper-aluminum alloy 
known as Tsungani, which is claimed to 
differ materially in its physical character- 
istics from previous copper-aluminum 
alloys. The tensile strength is said to be 
over 21,000 lb. per sq. in., the Brinell 
hardness from 80 to 90, and the coeffi- 
cient of heat expansion 0.000008. This 
latter figure is very much closer to the 
heat expansion coefficient of cast iron 
than that of other aluminum alloys, and 
in casting pistons from this alloy it is, 
therefore, possible to make the skirt 
clearance as low as 0.00055 to 0.00075 in, 
per inch of diameter, it is stated. This 
alloy takes a high polish in wearing 

This material has been used for piston 
rings and also for steam engine piston 
rod packing. It has had considerable 
service in the West and has been used for 
air-cooled aviation engines. Pistons as 
large as 7 in. in diameter have been 
cast from the material. 


Fox Motors to Produce 


Air-Cooled Car in Fall 


PHILADELPHIA, June 13—The fac- 
tory of the Fox Motor Car Co. which is 
owned entirely by automobile owners, 
has been completed. The new air- 
cooled Fox car is expected to appear on 
the market in the fall. The plant com- 
prises 100,000 ft. of floor space and is 
being fitted throughout with the most 
advanced machinery and equipment. 

The 5-pass. touring car, with 132 in. 
wheel base, will be sold for $3,500. 


HYDRAULIC TO BUY PLANT 


CLEVELAND, June 13—Negotiations 
have been virtually completed for the 
acquisition by the Hydraulic Steel Co. 
of the common stock of the Detroit 
Pressed Steel Co., manufacturer of 
pressed steel parts and the Disteel auto- 
mobile wheel. Stockholders of the Hy- 
draulic company are expected to ratify 
the purchase at a meeting June 24 and 
virtually all the stockholders of the De- 
troit company have approved the merger. 


MOVE SAMSON OPERATIONS 


JANESVILLE, WIS., June 13—General 
Motors Corp. is transferring the major 
part of the Samson truck operation from 
the Samson works at Flint, Mich., to the 
vast tractor and implement works oper- 
ated by the Samson Tractor Co. at Janes- 
ville, Wis. Parts will continue to be 


made at Flint. 
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‘METAL MARKETS 











AVING reached the irreducible minimum 
of activity, the steel industry now has 
its ears to the ground in an effort to detect 
from what quarter is likely to emanate 
sufficient fresh demand to warrant the hope 
that a revival of buying is in the offing. In 
striking contrast with the attitude of many 
steel makers at the time of last year’s reces- 
sion in the automotive industries the effect 
of the different price reductions in the pas- 
senger car field is being keenly and sym- 
pathetically watched, and hopes for a turn 
for the better in the steel market are pre- 
dicted to a considerable extent upon im- 
provement in the automotive field. This 
change of heart is all the more noteworthy 
as the steel industry has reason to find fault 
with the character of automotive buying in 
the last few months, whereas, during the 
heyday period, when it was disposed to make 
light of the importance of the demand for 
automotive construction, the steel industry 
had things pretty nearly its own way. In 
the last few months, however, hand-to- 
mouth buying has become so general that 
specifications had nothing alluring about 
them, and frequently tonnages that, had they 
been placed at one time and with one or two 
mills would have been a life-saver for the 
latter, were so scattered that they were of 
little benefit to any producer. The strain 
under which mill executives have been of 
late in an effort to maintain operations on 
even the reduced scale of which the pre- 
vailing untoward conditions permit has 
brought about in the minds of many a deci- 
sion that, when the turn for the better does 
finally set in, concessions will be strictiy re- 
served for those buyers who are disposed to 
assume sufficient in the way of risks to 
enable producers to operate with a com- 
fortable backlog of orders. In other words, 
there are those steel manufacturers who are 
beginning to recognize more clearly the 
advantages of steady production on a close 
margin ovér spasmodic prosperity at fancy 
prices. Especially among the smaller pro- 
ducers one encounters these days many who 
have begun to lose patience with the theory 
that in the steel industry there is bound to 
be either a feast or a famine. Perhaps the 
day when the steel industry will be so sta- 
bilized as to eliminate the proverbially seven 
fat and seven lean years may never come, 
but it must be decidedly gratifying to auto- 
motive ‘consumers to know that the psy- 
chology of many producers is undergoing a 
decided change and that, when the industry 
emerges from the valley of idleness through 
which it is passing, it will set the good wiil 
of buyers, which alone can keep its stacks 
belching, above the fleeting benefit of high 
prices. 

Pig lIron.—Prices continue to sag slightly 
under the weight of utter inactivity. Foun- 
dry No. 2 could probably be bought at $22 
valley and malleable at $22.50. 

Steel.—There is no longer a definable mar- 
ket price for any steel product. Every order 
(of the very few that are being placed) is a 
law unto itself. Published quotations no 
longer have any meaning. Take semi-finished 
steel as an illustration in point. Sheet barg 
are quoted at $39, and yet a northern Ohio 
buyer is reported to have been offered sev- 
eral thousand tons at $35. Generally speak- 
ing, producers have become as apathetic as 
consumers. Report from Youngstown has it 
that the Ford Motor Co. placed an order for 
20,000 automobile sheets with a Valley pro- 
ducer at 4% cents. 

Aluminum.—There is not the slightest re- 
awakening of demand from automotive 
sources. 
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Studebaker Corp. has reduced its bank 
loans so that they now stand under $1,000,000. 
Bank loans a month ago were close to 
$4,000,000 and Jan. 1 about $8,500,000. Stude- 
baker today has about $5,500,000 in cash on 
hand. Earnings for the first six months of 
1921 will approximate $7,000,000 after all 
charges and Federal taxes. This is about 70 
per cent of the total profits for 1920, and 
more than $10 a share on the $60,000,000 
common stock after providing for the full 
year’s preferred dividend requirements. This 
represents earnings of more than $7 a share 
in less than six months, 

E. & W. Co., Milwaukee, manufacturing 
commercial car attachments for passenger 
ear chassis, trailers, shock absorbers, etc., 
has increased its authorized capitalization 
from $150,000 to $225,600 preferred stock, plus 
4000 shares of common stock without par 
value. 

H, H. Franklin Mfg. Co. has declared a 
common stock dividend of 50 cents a share 
payable July 11. Profits for the first five 
months of 1921 are estimated at $775,000 after 
taxes. The factory is at 100 per cent 
capacity. 

Gotfredson-Joyce Corp., Ltd., Walkerville, 
Ont., truck maker will increase its capital 
stock from $100,000 to $500,000. The com- 
pany has been building 2-ton and 3%-ton 
models and will bring out 1-ton and 5-ton 
models. 

Necedah Mfg. Corp. has been incorporated 
with a capital stock of $200,000 to succeed 
the Necedah Mfg. Co., at Necedah, Wis., 
established about a year ago to manufacture 
electro-generating units, farm lighting plants, 
etc. 

J. 1. Case Plow Works has passed the 
quarterly dividend of 1%, per cent on its 
first preferred stock. Three months ago the 
company passed the dividend on the second 
preferred stock. 

Cc. R. Wilson Body Co. directors have 
authorized payment of the regular quarterly 
dividend of 1°, per cent on preferred stock. 
The payment will be made July 1. 

Electric Storage Battery Co., Philadelphia, 
will pay a quarterly dividend of $3 a share 
on both common and preferred stocks, pay- 
able July 1. 

Auburn Automobile Co. has declared a 
quarterly dividend of 1% per cent on pre- 
ferred and $1, on common, both payable 
July 1. 

Kelly-Springfield Tire Co. will pay a quar- 


terly dividend of $1.50 a share on the 6 per 
cent preferred stock on July 1. 
Moon Motor Car Co. has declared a quar- 


terly dividend of 1%, per cent on its preferred 
stock payable July 1. 

Fisher Body Ohio Co. paid June 10 the 
quarterly dividend of $2 a share on its pre- 
ferred stock. 

Motor Wheel Corp. paid a quarterly divi- 
dend of 2 per cent on the common stock 
June 10. 
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Gillette Rubber Co. of Eau Claire, Wis., is 
now turning out 250 cord tires a day, the 
largest output of this class of goods it has 
ever attained. Production also includes 400 
fabric casings and 1400 to 1500 tubes. 
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Clark Turner Piston Co., Los Angeles, has 
appointed Laystall Motor Engineering Works, 
Ltd., London, as distributors of De Luxe 
pistons for Great Britain and Ireland. 

New Departure Mfg. Co. has removed its 
Chicago sales office to the Peoples Gas 
Building, 122 South Michigan Avenue. 

Canton Foundry & Machine Co., Canton, 
Ohio, has moved its New York office to 45 
West Eighteenth Street. 


G. M. C. Plans Future Use 
of St. Louis Factories 


ST. LOUIS, June 14—C. S. Mott of 
Detroit, vice-president of General Motors 
Corp., in a letter to President W. Frank 
Carter of the St. Louis Chamber of Com- 
merce, writes that the St. Louis plant of 
General Motors is not for sale at any 
price and adds that “we expect to make 
it one of the most active in our organ- 
ization.” The letter is in reply to a 
query by the Chamber as to the founda- 
tion of current rumors that the corpora- 
tion was planning to dismantle and elim- 
inate its plant here. 

“The new management of the General 
Motors Corp.,” the letter says, “is per- 
fectly satisfied with the St. Louis invest- 
ment, its geographical location, railroad 
service and labor market. We feel sure 
you will be pleased with our plans when 
the time comes to put them into opera- 
tion.” 


FINANCE OBENBERGER WORK 

MILWAUKEE, June 13—Permission 
has been given J. F. Gerdis, as trustee 
of the John Obenberger. Forge Co., Mil- 
waukee bankrupt, to borrow $60,000 from 
the First Wisconsin National Bank for 
the purpose of financing current produc- 
tion, resumed recently by authority of 
the Federal court. The Obenberger com- 
pany has sizable orders from Packard, 
Nash, Dodge and other passenger car 
factories, and reinstatements of other 
orders which were cancelled about eight 
to ten months ago, precipitating the 
financial crisis in January this year. 
The loan is secured by short-term cer- 
tificates bearing 74% per cent interest. 
The First Wisconsin National Bank is 
one of the largest creditors and is assist- 
ing in the rehabilitation of the concern. 
The liabilities of the Obenberger com- 
pany are about $1,250,000 and its assets 
are in excess of $2,000,000. 


ONEIDA SEEKS NEW CREDIT 


GREEN BAY, WIS., June 15—Di- 
rectors of the Oneida Motor Truck Co. 
have submitted to creditors of the com- 
pany a new proposition which it is as- 
serted will result in a satisfactory ad- 
justment if it is accepted. The com- 
pany has found it impossible to carry 
out the tentative agreement made with 
creditors in April. The new plan is un- 
derstood to call for a substantial cash 
payment to creditors. 


CANADIAN FORD DIVIDEND 


WINDSOR, ONT., June 10—The Ford 
Motor Co. of Canada has declared its 
regular annual dividend of 15 per cent. 
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NEW YORK, June 16—The local call 
money market eased in the middle of 
last week, after having maintained, for 
the first few days, the firmness which 
had characterized the previous week. 
The range for call money was 6 per cent 
to 7% per cent, as against 7 per cent to 
8 per cent the previous week. After 
opening firm at 7% per cent on Monday, 
the rate on call loans declined, until on 
Friday a uniform rate of 6 per cent was 
quoted all day. In the latter part of the 
week, offerings were more abundant, 
and, it was said, there was a surplus of 
loanable funds. “Outside” money was 
available at 5% per cent. The favor- 
able report of the Federal Reserve Sys- 
tem and the offering of treasury certifi- 
cates of indebtedness and Government 
short-term notes seem to have created 
a favorable impression in money circles 
in midweek. Time funds, however, were 
still scarce, and quoted rates were un- 
changed at 6% per cent to 7 per cent for 
all maturities from 60 days to 6 months. 
As a result, quotations were nominal 
and transactions few. 

Gold holdings in the United States 
were, on June 1, the largest in the his- 
tory of the country. On June 1, the 
total stock of gold was $3,175,037,198. 
The previous high record was on May 
1, 1917, when we held $3,121,887,443. 
Our gold holdings increased $85,357,416 
in the month of May, and $390,202,771 
during the first five months of the pres- 
ent year. These holdings have further 
increased since the first of the month. 

The Government crop report issued on 
June 8 estimates the year’s harvest of 
wheat, oats, rye and barley at 88,000,000 
bushels under last year’s harvest. The 
estimate for these combined crops is 
2,496,000,000. The estimated wheat crop 
of 829,000,000 bushels is comprised of 
578,000,000 bushels of winter wheat, and 
251,000,000 bushels of spring wheat, and 
allows for an exportable surplus of 
about 200,000,000 bushels. While there 
were some crop losses in May as a result 
of drought and freezing, indications now 
point to a more favorable wheat crop. 
Since the Government report was issued, 
rains and cool weather have contributed 
toward the filling and maturing of the 
crop. Present indications also point to 
one of the largest oat crops in our his- 
tory, should present conditions and acre- 
age maintain until harvest time. 





KELLY CLEARS TRUCK SURPLUS 


SPRINGFIELD, OHIO, June 13—In- 
dications are that the plant of the Kelly- 
Springfield Motor Truck Co. will be 
forging ahead in good shape within the 
next sixty days, according to officials at 
the plant. Eastern warehouses are 


being freed of the surplus trucks and 
general demands are increasing. At 
present the big works is operating with 
about 30 per cent of its normal force. 
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MEN OF THE INDUSTRY 





E. C. Tibbetts, who has resigned as adver- 
tising manager of the B. F. yoodrich Co. 
after having been with Goodrich for 24 years, 
has become central western manager for the 
William H. Rankin Co. He will have head- 
quarters in Akron, and in his new capacity 
will have direct charge of the Goodrich ad- 
vertising account with the Rankin agency. 
E. P. Rowen, another veteran Goodrich em- 
ployee who has resigned as manager of Dia- 
mond tire sales, has been succeeded by E. H. 
Fitch, with Ralph McPeake named assistant 
to Fitch. L. A. McQueen, formerly in Good- 
rich sales promotion work, has been made 
assistant advertising manager. 

Arthur R. Heiskell, who has been con- 
nected with Nordyke & Marmon Co. as 
treasurer for a number of years, and H. G. 
Shafer, who has been secretary, have been 
named vice-presidents of the company. 
H. L. Purdy, formerly assistant treasurer, 
will succeed Heiskell, and H. H. Rice, for- 
merly sales manager, will take Shafer’s place. 
H. H. Brooks, assistant sales manager, has 
been promoted to take the place made vacant 
by Rice and A. J. Rogers, publicity manager 
for the company, has been promoted to 
assistant sales manager. 

H. M. Rugg, for two years director of the 
Department of Technical Instruction of the 
United Y. M. C. A. Schools, has become 
director of Educational Extension of the 
Michigan State Automobile School, Inc., 
Detroit. His new duties involve the sales 
and promotion work for the school as well as 
assistance in technical supervision. Rugg 
was active in training work with the army 
during the war. 

Alfred Reeves, general manager of the 
National Automobile Chamber of Commerce, 
has been elected president of the Trade 
Organization Secretaries of New York, 
which consists of the executive officers of 
more than 80 trade organizations. The 
association holds monthly meetings to discuss 
problems which have to be met by organi- 
zations of manufacturers, wholesalers and 
retailers. 

J. H. Newmark, for 11 years with General 
Motors, recently as advertising manager of 
the Chevrolet division, has been promoted to 
assistant manager of sales and will come to 
Detroit when the Chevrolet organization 
moves to its headquarters in General Motors 
building July 1. 

Wills Johnson has been appointed vice- 
chairman of the appropriations committee of 
General Motors Corp. His duties will be to 
handle all matters pertaining to requests for 
appropriations for capital expenditures from 
the divisions and subsidiaries of the cor- 
poration, 

William R. Petze, sales manager of 
branches for the Splitdorf Electrical Co., has 
resigned and joined the Sterno Corp. as gen- 
eral sales manager of its automotive acces- 
sories division. His headquarters will be at 
the general offices of the Sterno Corp., New 
York. 

F. W. Warner, former president of the 
Oakland Motor Car Co., who has remained a 
director and vice-president of the General 
Motors Corp. since he relinquished active 
control of Oakland’s affairs, is expected to 
join the organization now being built up by 
W. C. Durant later in the year. 


S. H. Cunningham, New York branch man- 
ager for the Goodyear Tire & Rubber Co., 





has resigned. Cunningham has moved to 
Akron, where he announces he will engage 
in private business in the future. He haa 
been with Goodyear for several years. 

William E. Corey, chairman of the board of 
the Midvale Steel & Ordnance, has been 
elected a director and member of the execu- 
tive committee of the International Motor 
Truck Co. in place of Ambrose Moonell, de- 
ceased. 

G. C. Jefferson, formerly in the sales pro- 
motion department of Oakland Motor Car 
Co. and later with the W. N. Albee Co., De- 
troit, has joined the advertising department 
of Briscoe Motors Corp, Jackson, Mich. 

W. G. Bell has resigned as president of the 
Cleveland Tractor Co. of Canada to becorne 
director of sales of Gray-Dort Motors, Ltd., 
of Chatham. Johnson R. McGee has been 
named Gray-Dort sales. manager. 

John D. Hess, Jr., has been appointed man- 
ager of pneumatic tire sales for the Firestone 
Tire & Rubber Co. He has been with Fire- 
stone for nine years, latterly being assistant 
western sales manager. 

Dexter C. Hathaway has been appointed 
assistant sales manager of the McGraw Tire 
& Rubber Co. He has been connected with 
the McGraw Cleveland branch for the past 
year, 

Ted Snider, formerly manager of the Cin- 
cinnati district of the wheel division of Gen- 
eral Motors, is now general factory repre- 
sentative of the Gary Motor Truck Co., 
Gary, Ind. 

Cc. E. Gordon has resigned as sales repre- 
sentative with the Timken Detroit Axle Co. 
and has been made general sales manager of 
the Alena Steam Products Co. of Indianapolis. 

c. J. Reilly, for several years connected 
with Firestone and Akron, as sales repre- 
sentative, has been made sales manager of 
the Simplex Auto Lock Co., Detroit. 

Cc. E. Pumphrey, formerly sales manager 
for McGraw Tire & Rubber Co., has been 
appointed sales manager for the Corona Cord 
Tire Co., Butler, Pa. 

Robert S. Gans has been elected a vice- 
president of the Raymond Engineering Corp. 
He will continue in charge of sales and the 
development of new products. 


Oshkosh Tractor Formed 
to Take Over La Crosse 


OSHKOSH, WIS., June 18—As the 
preliminary step toward the transfer of 
the works and offices of the LaCrosse 
Tractor Co., manufacturer of the Happy 
Farmer tractor, from LaCrosse, Wis., 
to Oshkosh, Wis., a new corporation 
styled the Oshkosh Tractor Co. has been 
incorporated under the laws of Wiscon- 
sin. The capital stock consists of $1,500,- 
000 preferred stock and 15,000 shares of 
common stock without par value. The 
articles are signed by Harvey P. Rhyner, 
Milo J. Gilbert, Bart W. Heiss, Edgar 
Melzer and E. J. Dempsey, attorney, all 
of Oshkosh. 

Oshkosh capital is becoming heavily 
interested in the new corporation and 
the present owners of the LaCrosse com- 
pany will absorb the remainder of the 
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capi.al. Plans are being prepared for a 
new factory building. A. D. Paine, who 
has been Wisconsin distributer of the 
Happy Farmer tractor for several years, 
is active in the reorganization. 

At LaCrosse the company operates two 
works, widely separated, with no im- 
mediate prospect of a union of the oper- 
ation. To facilitate production and oper- 
ate efficiently, it was decided to accept 
the offer of Oshkosh capital to relocate 
in that city, provision being made locally 
for the erection of suitable buildings. 

It is expected that the actual transfer 
of the equipment and stock of the La. 
Crosse company to the new Oshkosh 
works will be possible about August 15 
or Sept. 1. 


Fort Wayne Tire Plant 
to Be Offered for Sale 


FORT WAYNE, IND., June 13—Prop- 
erty of the defunct Fort Wayne Tire & 
Rubber Mfg. Co. is valued at $273,000 
while liabilities approximate $200,000, 
according to the inventory and appraisal 
filed with Harry C. Sheridan, referee in 
bankruptcy, by David S. Vesey, trustee. 
The date for the sale of the company 
property has not been set. 

The plant is not being operated at the 
present time. Such manufactured stock 
as there is on hand has been offered by 
Vesey at retail sale at prices far below 
the regular prices of the goods. A plan 
is now being worked out which, it is 
hoped, will enable the old stockholders 
to reacquire the property and start op- 
erations. The investigations into the 
company’s affairs conducted by the trus- 
tee in bankruptcy lead him to believe 
that with efficient management the prop- 
erty can be successfully operated even 
under present business conditions. 


DODGE-RACINE TO MOVE PLANT 


SHEBOYGAN, WIS., June i13—The 
Racine Engineering Co., Racine, Wis., 
manufacturer of the Dodge-Racine 
tractor-truck, has definitely decided to 
relocate in Sheboygan, Wis. It is being 
reincorporated as the Dodge-Sheboygan 
Co., with a capital stock of $200,000. 
Temporary quarters are being provided 
until the construction and equipment of 
a new tractor plant in Sheboygan can 
be accomplished. The Dodge design is 
new and novel, as it embraces a motor 
truck and farm tractor in one machine, 
making it adapted for trucking, hauling, 
cultivating, etc. The machine will be 
marketed under the trade name of Dodge 
Universal Truc-Trac. 


CONGRESSMAN GOOD RESIGNS 


WASHINGTON, June 13—Represent- 
ative James W. Good of Cedar Rapids, 
Iowa, chairman of the Appropriations 
Committee of the House, who has been 
one of the most insistent members of 
Congress in urging additional taxes upon 
motor vehicles, has resigned to take up 
the practice of law in Chicago. He an- 
nounces that he cannot afford to con- 
tinue longer in the public service at the 
low salary he receives. 
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SHOWS 

Sept. 5-10—Indianapolis, Auto- 
mobile and Accessory Show 
in conjunction with Indiana 
State Fair, conducted 
by Indianapolis Automobile 
Trade Association, John B. 
Orman, Mgr. 

Sept. 28- Oct. 8—New York, 
Electrical Exposition, 71st 
Regt. Armory,  Blectric 
Equipment, Machinery and 
Vehicles. 

Nov. 27-Dec. 3—New York, Au- 

, tomobile Salon, Hotel 
Commodore. 


January — Chicago, Automobile 
Salon, Hotel Drake. 
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Calendar 


Agricultural Exhibition— 
Agricultural Machinery— 
Icelander Agricultural So- 
ciety, Reykjavik, Iceland. 


September—Buenos Aires, Ar- 
gentina, Passenger Cars 
and Equipment. La Pa- 
bellon de las Rosas. Au- 
tomovil Club Argentino. 


September—Buenos Aires, Ar- 
gentina, Cars, Trucks, 
Tractors, Farm Lighting 
Plants and Power Farm- 
ing Machinery. Palermo 
Park; Sociedad Rural Ar- 
gentina. 

September—Luxemburg, Luxem- 
burg, Agricultural Sample 
Exhibition. 


Auspices of German Auto- 
mobile Mfg. Ass’n and 
German Automobile Club. 


Oct. 5-16—Paris, France, Paris 
Motor Show, Grand Palais, 
Administration de lEx- 
position Internationale de 
l Automobile, 51, Rue Per- 
golése, Paris. 

Nov. 4-12 — London, British 
Motor Show, Society 
Motor Mfrs. and Traders. 

May, 1922—Quito, Ecuador, Agri- 
cultural Exposition, cele- 
brating Centenary of Ecua- 
dor. Automotive Section. 


CONVENTIONS 


June 16, 1922 


- Automotive 
Association, 


Oct. 12-14, 1921 — Chicago, 
Twenty-eighth Annual 
Convention National Im- 
plement & Vehicle A’ssn. 


Nov. 22—New York, Convention 
of Factory Service Man- 
agers, National Automo- 
bile Chamber of Com- 
merce. 


Equipment 


RACES 


June 18—Uniontown, Pa., 
Speedway Events. 


July 25—Grand Prix, Le Mans. 


ze 


FOREIGN SHOWS 
June, 1921—Reykjavik, Iceland, 


Sept. 23-Oct. 2—Berlin, German July 4-9 — Mackinac 
National Automobile Show, Mich., Summer 


Island, 
Meeting 


Labor Day—Uniontown, Pa., 
Autumn Classic. 





Equipment Association 
Plans Increased Sales 


CHICAGO, June 13—A half day’s 
session at the summer convention of the 
Automotive Equipment Association at 
Mackinac Island next month will be de- 
voted to discussion of means of devel- 
oping the channels for retail distribu- 
tion. Jobber and manufacturer mem- 
bers of the association, at this session, 
will make an intensive study of resale 
merchandising with a view to bringing 
influence to bear to broaden the outlets 
for the products of the industry. 

The first two days of the convention, 
July 4 and 5, will be given over to meet- 
ings of the directors, standing commit- 
tees and state vice-presidents. Routine 
work will be taken up at the morning 
meeting July 6 and in the afternoon 
there will be meetings of the manufac- 
turers’ and jobbers’ divisions, presided 
over respectively by President Robert A. 
Stranahan and Commissioner William 
M. Webster. The sales meeting will be 
held July 7 and on Friday, July 8, the 
convention will be brought to a close 
with the morning session. 

Members of the association from all 
parts of the United States and Canada 
are making arrangements to attend the 
meeting, a large number planning to go 
by boat from Buffalo or Chicago. 





N. A. C, C. ISSUES TAX BOOKLET 


NEW YORK, June 13—The National 
Automobile Chamber of Commerce has 
issued a booklet on national taxes show- 
ing motorists what they pay in special 
taxes and outlining the program proposed 
by the industry in opposition to excise or 
“stigma taxes.” The booklet shows that 
motorists pay annually $267,000,000 in 
discriminatory excise taxes. 





WISCONSIN BOND RATE HIGHER 


MILWAUKEE, June 14—The Wiscon- 
sin Legislature has passed and the 
Governor signed a 6 per cent interest 
rate provision for county highway bonds. 
During 1919 many counties bonded them- 
selves for large amounts for the con- 
struction of highways under the Wiscon- 
sin and Federal aid provisions. The 
State law at that time fixed interest on 


the bonds at 5 per cent, and provided 
the bonds must not be sold for less than 
par. These limitations during the past two 
years made it impossible to sell the 
bonds, as against other securities on 
which interest returns grew in the tight 
money market. The new law not only 
permits future issues of 6 per cent bonds, 
but enables county boards to issue bonds 
already voted for issuance, at 6 per cent. 





Duesenberg Quits Racing 


to Build Stock Cars 


INDIANAPOLIS, June 14—L. M. 
Rankin, vice-president and general man- 
ager of the Duesenberg Automobile Co. 
here, this week said the corporation was 
leaving the racing game and after the 
Grand Prix and the Uniontown race its 
energies would be devoted entirely to 
the production of stock machines. Any 
race entries hereafter containing Due- 
senberg engines will be private mounts. 

Duesenberg declares that the company 
will stick to the eight-in-a-row engine in 
stock cars. The Deusenberg models will 
be priced from $5,000 to $8,000 and will 
include a complete line of open and en- 
closed models. The body designs are 
now being perfected. 

The company is headed by B. A. 
Worthington, who is president of the 
Cincinnati, Indianapolis & Western Rail- 
road and chairman of the industries 
committee of the Indianapolis Chamber 
of Commerce. L. M. Rankin, vice-presi- 
dent and general manager, is an execu- 
tive and sales manager of long experi- 
ence. F. A. Reilly, secretary-treasurer, 
is a New York attorney. 





WALLACE TO ADDRESS N. I. V. A. 


CHICAGO, June 14—An address by 
Henry C. Wallace, secretary of the De- 
partment of Agriculture, will be the 
feature of the twenty-eighth convention 
of the National Implement Vehicle As- 
sociation which will be held in this city 
Oct. 12-14. It is expected that other 
speakers of national repute will be se- 
cured. To assure accommodations for 


delegates who desire to be in Chicago 
the day preceding the opening session, 
arrangements have been made with the 
Congress Hotel, convention headquar- 
ters, for reservations for the four days. 


Fiat Defeats Mercedes 
in Targa Florio Race 


PALERMO, SICILY, May 31 (By 
Mail)—Fiat defeated Mercedes in the 
first European automobile race open to 
late enemy countries. The occasion was 
the twelfth annual Targa Florio 268- 
mile race around a mountainous course 
on the island of Sicily. Count Masetti, 
an amateur, covered this distance on a 
300 cu. in. racing Fiat in 7 hr. 21 min, 
05 sec., or at an average of 3614 miles, 
thus winning first prize and breaking all 
previous records. 

A week before the closing of entries 
the German Mercedes Co. announced that 
it would take advantage of the open rules 
to enter this race, and a team was sent 
comprising three 6-cylinder cars of 105 
by 140 mm. bore and stroke, to be driven 
by Lautenschlanger, twice winner of the 
French Grand Prix; Seiler, and Gros. 
No expense was spared to secure success 
in the race, and in view of the high 
quality of the cars and the reputation of 
the drivers, it appeared doubtful if the 
Italians, who were about thirty strong, 
could win the trophy. 

This race resolved itself into a duel 
between Seiler, the German driver of the 
Mercedes, and Masetti on the Indianapo- 
lis type Fiat. On the first of the four 
laps the German led by 19 seconds. At 
half distance Masetti had worked his Fiat 
into the leading position with a margin 
of 2 min. 29 sec. On the third lap the 
German closed up until the Italian had 
a lead of less than 1 min., but the Mer- 
cedes weakened toward the end, and the 
Fiat finished with an advantage of 6 
min. 11 sec. Compared with track per- 
formances, the average looks low, but 
the race was one of the hardest ever run 
in Europe, for more than 6000 sharp 
turns had to be negotiated in the 268 
miles, and the only level portion of the 
course was very rough. 

The following is the result of the 
race: 


i A eee (300 cu. in.)....7.21.05 
Seiler, Mercedes ....... (460 cu. in.)....7.27.16 
Sivoccl, Alfa-Romeo ..(274 cu. in.)....7.31.43 
Ferrari, Alfa-Romeo ..(274 cu. ms vevehsaae4o 
Forestri, itala ........ 4 0S eee 7.34.37 
Moriandi, Itala ....... (183 cu. In.)....7.39.34 
Minola, Flat .......... (183 cu. in.)....7.47.46 
Ceirano, Ceirano ...... (183 cu. in.)....7.59.12 
Bergese, Fiat ......... (120 cu. In.)....8.06.34 
Arnone, Ceirano ...... (183 cu. In.)....8.11.11 
PUG, TOME ves nicesavs (120 cu. In.)....8.36.59 


























